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GLOSSARY OF TERMS

AFR Air Force Regulation ‘

' DSARC Defense Systens Acquisition Review
Council

Hit Matrix An analysis tocl in LCOM that gives

the number of times during a simula-

tion that any particular task or mal-
function occurred.

LCOM Logistics Composite Model. A large

scale discrete state digital computer
simulation framework to analysze
number of aircraft, personnel, spare
parts, and support eqguipment.

MDC Maintenance Data Collection. A system
whereby ajircraft maintenance data is
collected and maintained.

MMHPFH Maintenance Manhours Per Flying Rouxr.

. The number of manhours of maintenance
required for each hour that an air-
craft flies.

POMO Production Oriented Maintenance Organi-
zation.

PSR Performance Summary Report

Skill Level A number which relates to the ex-
- perience or job knowledge of Air Force
v personnel.
?- Sortie One aircraft flight as defined to in-
", clude one take off and one full stop
' landing.
o TAC Tactical Air Command
iz Task Time : The elapsed time for a particular ele-
P ment of work to be accomplished.
iq ..
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R ] < . TMULT

& Work Center

WuC

Constrained LCOM
Model

R LR

S

[ el ) »

A tern used in LCOM to degcribe the
process: of multiplying every task time
by a given factor. TMULT is parti-
cularly useful in sensitivity analysis.

A career field or set of related
career field that make up a work
group that have responsibility for
particular maintenance of an aircraft
weapon system.

Work Unit Code. An alpha numeric
symbol that represents a particular

syasten, subsystem, or elemental part
on an airxcraft.

An LCOM simulation model (run) that
has a limited nuvmber of personnel in
designated work centers. ‘
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CHAPTER I '

INTRODUCTION
Background and Research Problem

Approximately 60 percent of the total defense budget in
the United States goes to pay for detensé manning.l Some 35
percent of the defense manning is comprised of aircraft
maintenance personnel. Therefore, reduction in the ccsts of
¢irxcraft maintenanca personnel can greatly impact the over-
all defense manning costs.

The Air Force is also concerned with the recruitment of
sufficient numbers of people to maintain the enlisted force.
The Air Force is currently having difficulty recruitinj
enough educated young people to maintain present levels of
manning.?2

In order to reduce costs, there is much current emphasis
upon shifting wartime requirements to the reserve forces.Jd
'~udies are currently underway to determine to what extent
this can be done without adversely affecting the capabi-
lities of the Air Force. However, the reserve units are
also experiencing recruiting problems, and a temporary solu-

tion to the manning shortage mugt bs found.
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One possibility is to reduce the term of enlistment

from the current four yesars to two years. This would have

the following assured benefiflz

1. Entice more young veolunteers into service.

2. Reduce the average pay scale of servicemen,

3. Make more trained personnel available to the
reserves. :

4.

Allow more rapid utilization of new trainees.

Some of the arguments against a reduction in enlistment
time include:

l. Increase training costs since enlisted members

would have to be replaced sooner.

2. Increase mahning requirements since experienced

personnel are more productive.

3. Decrease mission accomplishments since lower'

skilled personnel will take longer to prepare and repair
aircraft.

In connection with the problem, it has recently been

requested that current methods of maintenance mant.ower

forecasting be altered to allow for effective tradeoffs

among personnel skill levels.4 fThis forecasting is most

"applicable to developmental weapon systems that must be

approved through the Defense Systems Acquisition Review

‘Council (DSARC).

The Air Force recognizes that there are three specific

regquirements which enlisted personnel must satisfy to
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» qualify for skill level upqrading. These requirements are:

(1) career knowledge, (2) job proficiency, and (3) job

i
experience.5 |

Skill levels are generally defined as follows:
1. 1l-level - entry level, unqualified.
2. 3-level - graduate of basic technical training |

or initial on-the-job training, usually less than two years ‘

experience.

3. S5-level - fully proficient and capable of un-
assisted performance, usually 1-7 years experience.

4. 7-level - fully proficient and capable of
supervising others, usually 5~15 years experience.,
Sl

]

|

|

|

1
9-level =~ supervisor or management level skills ’
and knowledge, usually 10 years experxience or more. \
Requirements for skill level advancements come from ‘
Air Force Regulations (AFR 26-~11, AFR 50-23, AFR 39-23, \
AFR 39-1, and AFR 35-1). See Figure 1 for the skill level
£ advancement diagram reproduced from AFR 50-23.

" At present, maintenance manpower authorizations for
o

;. current and developmental aircraft weapon systems are

based upon an "average" maintenance skill (5~level)., Thus
the research question is, “what effect upon mission accom-
;‘ plishment results from a reduction of aircraft maintenance
' personnel skill levels?" 1In planning for manpower skill
level contindencies, :management would like to know the

v impact upon misgsion accomplishment of the average
i | _
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. maintenance person posBGSSin? a 3-level proficiehcy.
At present, no method exists within the military to
assess the impacé of manpower 8kill level or proficiency ‘
chahges. The primary purpose of this ptoject will be to
establish such a methodology. If the methodology estab-

lisked by this project proves valuable to the Air Force

within the current framework, it can then be generalized
to other services and industry.

Related Studies

One of the problems pointed out by the Comptroller

e e i ettt

General of the United States in a report to the Senate
Commiﬁtee on Appropriations is a weakness in the manpower
requirements system.® This report points out that the
military services operate hearly 25,000 aircraft with an
annual maintenance cost of over 6 billion dollars. Mili-
tary maintenance manpower is the largest recurring part of
this cost. Sixty percent of defense spending is for man-

power.

The military services are continually developing and

g

E adjﬁsting manpower requirements., Each major command of

t; the Air Force is charged with determining its aircraft main-
FZ tenance personnel requirements. Most of these commands now
E use a highly sophisticated, computer-based system that sim-
E ulates manpower requirements based on selected input cri-

g teria. This simulation system uses a preplanned framework
a ~ or format called the Logistics Composite Model (LCOM).
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\\ This framework or langdage iglthen ugsed as the basis around
\ which a simulation model for a given aircraft organizatioh

%s designed. The LCOM technique is used to simulati thé
imtergction of the expected maintenance environnen: andwro-
quife& aircraft operations to determine the nﬁmber of air-
craf&< maintenance manpower needed, and the number of spare
parts Wna support equipment required to sustain war under :
some exﬁscted scenario. The LCOM system requires a' |
thorough understanding of computer simqlation and ltiﬁil-
tical techniques, as well as operational maintenanée and
manpower knowledge. We Qiil digscuss LCOM in more detail in

a separate section later,

In an August 1979 technology report, Gordan Eckstrand

emphasizes the increasing concern that the weapon systems
procured py Fhe Air Force be designed within manpower num-
bers and skill level restrictions.? Air Force regulations
now r:quire the use of LCOM during weapon system develop-
ment. However, Mr. Eckstrand points out, as the use of
LCOM becomes more prevalent, the model use needs to be
simplified and results continually validated. He further
discusses the manpower levels versus training versus system
design trageoff and the requirement for further research

(3]

and development in the human resources area.

h
'
L
.
S
L
K
-
)
)

Mr. S. Craig Moore of the Management Sciences Department,

Rand Corporation, addresses the manpower issue in terms of

B AR S N

b skill level and pay grade.8® He designates five categories
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to study direct work accomplished. Thesec categories are

reproduced as follows:

Manpower Skill Pay '
Category Level Grade
1 3 '~ E-1, k=2, E-3
2 5 E-3, E-4
3 5 E-5
4 7 E-5, E-6
5 7 E~7 ;

He then discusses work performed upon eleven types of
equipment in terms of who (which category) might perform
each portion of the work (troubleshoot, repair, verify) and
the time required for each portion. The eleven types of

equipment addressed in this preliminary report are:

Turbine generators Low pressure'cdmpreasors
Gasoline generators Turbine compressors .
Motor generators Cabin leakage testers
Portable lights Engine hydraulic stands
Heaters Motor hydraulic stands

High pressure compressors

Mr. Moore discusses the average frequency with which

each task is required during peacetime and wartime and uses
g; what he calls a task flow (a consecutive series of required
maintenance jobs) method to illustrate the expected time
versus level .for each task. For each of the eleven types
of equipment he develops an expected time to repair,

troubleshoot (analyse), and verify based upon the manpower

s o m v
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category utilized. For example, he uses a - -7
portion of a job to represent a task that is troubleshot by
a skill level 7 Staff or Technical Sergeant, repaired by a
skill level 5 Sergeant or Airman First Class, and verified
by the 8kill level 7. Thus, he illustrates the expected
job/task completion time for each of the eleven types of
equipment under any mix of maintenance categories selected.
Captains Bruce French and Robert Steele, in a thesis
presented to the School of Systems and Logistics: of tha.Air
Force Institute of Technology, address the productivity/
capability of maintenance organizations as a function of
authorized skill level andoauthorized number of :personnel
versus actual skill levels: and numbers of people assigned
to the organization.? For .example, they used an organiza-
tion authorized 60 personnél but assigned 58 as follows:

Manpower Grid

- Authorized - Assigned
SL7 ' 10 7
Skill .
Levels SLs 20 16
sL3 o 30 o 35
Total : 60 58

Through the use of this: manpower grid they illustrate
that both the total number:of assigned maintenance per-
sonnel and skill levels of the individuals' involved con-
tribute to the overall productivity of the organization.

In this particular example both the total number of
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9
personnel, which are then portioned into the several skill
level-grade classifications through another computer program
givirg all work centers the same ratio of skill levels. .
They stress that all work centers do not raqhirc the same
ratio of skill levels and that the relative productivity of
3-level versus 5-level personnel has not been established.

Although LCOM can currently be used to forecast the

effect of total manpower differences in any work center

upon mission accomplishment, it has not been used to address
the skill level portion of the problem. i
The objective of the thesis was to develop relative

productivity factors for 3, 5 and 7 skill levels a¥ pertains
to F-4E aircraft maintenance organizations. These relative
productivity factors wsre intended to provide a meant to
analyse the groductive capability of & maintenance orgdni-
2ation. They considered three methods to detevmine the
relative productivity factors:

l. Direct work measurement at the work locations.

2. Opinion survey of knowledgeable people.

3. Statistical analysis of available data.
Due to the scope of the study and expense involved, they
selected statistical analysis of available data.

They attempted to use the following regression model

to ectablish the relative productivities of each skill

level:

ﬁ = a + B3X3 + B5Xs5 + B9Xy

.
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X{ = the number of people in skill level i : %
24 = the relative productivity of skill level i i
a = a constant

§ Although unable to develop the relative productivity

m factors, they did bring many other considerations to light.

Base diffaerences, weather conditions, extreme data inaccura-

- cies and other factors greatly complicate this method of

ﬁ productivity analysis.

E? - _ In 1972, under a contract with the Air Force Human

Resources Laboratory, McDonnell Douglas Astronautics and

McDonnell Aircraft Company performed a study to determine
the relationship between subsystem design characteristics

. training costs, training aifficulties, and job performance.l0
They used stepwise regression and factor analysis techniques
to derive equations to predict pertirmance time, technical

order reading time, number of errors, and training equipment

costs,
The purpose of the current research effort is to
develop a means to assess the relative productivity of

maintenance personnel possessing different skill levels.

:
b
i

From the studies discussed it is clear that data relating
to maintenance task times suffers from extreme inaccuracies.

It is also ciear that the study time and expense of actual
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1l
work measurement of the numerous tasks, and conditions under
which they must be performed: would be prohibitive. Actual
test, especially under simulated war conditions would be '

impossible. The methodology utilized in this research seeks

to overcome the shortcoming of previous works while
E recognizing the need for a cost effective and versatile
g model. LCOM is the primary tocl used in this research. An
E understanding of this model is necessary to appreciate this
% research effort.
S The Logistics Composite Model

As noted, the maintenance manpower resources required
to support a compler aircraft weapon system represents a
large portion of the total resources of Air Force opera-
tional commands. Due to escalating personnel costs and
cnngressional reductions in overall armed forces manpcwer
levels, an acsurate determination of required maintenance
manpower is essencial.

Mair.tenanc2 manpower requirements have historically been
based upon peacetime reports of maintenance manhours per
flyiag hour. For new systems, contractor estimat¢s were
used for initial manning. Differing flying rales, mobility
requirements, spare parts levels, and the impact of number

of aircraft. among other problems, led to the search for a

better technique to estimate manning. After several methods

were considered, computer simulation was selected because of
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its systematic in-depth analysis of the maintenance opera-

tion and flexibility in terma of "what if" questions.
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bDue to the need to repxgsent an entire flying operation |
including compler intarrelationships that exist between 3
support resources (personnel, ejquipment, spare parts and .
facilities) a highly versatile model was developed, the
Logistics Composite Model (LCOM). See Keller's Student
Training Text for an in-depth discussion.}l \
LCOM was developed in the mid-1960s through a joint \
effort hetween the Air Force Logistics Command and the Rand
Corporation. It is a Monte Carlo simulation model written
in SIMSCRIPT II.5. LCOM simulates the interactions of air-
craft operations and support functions at an Air Force base.
By replicating the logistics process, LCOM addresses the
utilization of support resources (people, parts, facilities
and equipment) and the impact of their interactions and
shortages upon the capabilities of the flying unit.
LCOM consists of a preprocessor program, a simulation
program, and a series of postprocessor programs. ~figure 2,
reproduced from Keller, illustrates how these programs
interrelate.
The preprocessor, or Input Program, reformats and edits
input data to make it useable by the Simulation Program.
This data describes the environment to be simulated and pre-
scribes the initial values for required variables. The data
also describes mission requirements (takeoff time, number of

aircraft required, sortie lcngths, etc.)




(AT

DARNOH0
»

*a
L)

.-!
-

~

LR LR R SRS
13

19POK ®35s0dmo) $33333807 JO 21n3IIN138 (030 °7 FTuNOI4

SRYEOVIG ﬁlm...\xo._u- [ |

ONIISIT

SRAVYD ‘ 1 A3a viva
— 141n0 %930 viva ~ _‘ fois

I , —J
\? M 1334 NnA > AN

/7

IO S AT Y '~ .t

b

«ata

a4 Pl v .
waio |€

/ WY 35034 .
SHYE008d V908 ITLa ¥0SSA20¥d3Nd ]\ -]

NOILVZI |€ < ,
¥0SS3508d L A
~1S04 NOLLVIANIS -~IVILINI &m!g ? SR04

JI1IN0S “ 1ndNI , ”.

T B
\—, M (37114 | : _
SINIAZ . _ .
A0 NNY 20x3)
SNOISSIH

.

-
[y
L.

e *a ¢

-
A

L)

YN
LRSS

O

P

A AT

PR S I,




B e S ST S L. IR SR R
eh et B e b e cmetesdes W fe e e Tmeter ta e T e T R N ittt -

14

The Simulation Program is controlled by the output of
the preprocessor and simulates the flying of aircraft and
the accomplishment of servicing and maintenance taska.
These tasks include refueling, weapons loading, gepair on
the aircraft, in flight line shops, etc. This program
also handles the utilization and interaction of resources,
queuing problems, and statistical record keeping. User
provided input data determines the degree of detail for all
activities in the simulation. All activities and their
interrelaticnships are identified and described by main-
tenance task networks. For each task, the user supplies
the task duration distribution and the types and quantities
of resources required as well as probabilities and Jinter-
relationships with other tasks. The total number of
resources and resource mix is limited only by computer
capacity. | )

During the simulation, available aircraft are processed
through presortie activities toward scheduled migssions and
returning aircraft are processed through postsortie
activities. See Figure 3 for the outline of the sequence
of events. From the user supplied mission scheduvle at the
user established lead time, the model draws aircraft from
the availability pool and processes the appropriate number
of aircraft through the presortie tasks. If presortie tasks
are completed in time to mecet the schedule, the mission is

flown and postflight or through flight processing occurs.
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16
B The program checks for failures in aircraft subsystems

(which fail accorcding to user specified parameters) and

after all processing and repairs are completed, the aircraft .

is returned to the available pool to await assignment to

another mission. See Figures 4 and 5, respectively, for

- examples of the servicing and repair networks.
N

The output of the Simulation Program is the Performance

Summary Report (PSR) and 1ls produced at user specified

intervals during the simulation period which is also user
specified.

The PSR summarizes statistics in six functional
areas:

1. Operations
2. Aircraft

3. Personnel
4. Shop Repair
5. Supply

6. Equipment

Other status information is available upon user request.

(2ta}

LA A I

See Figure 6 for an example of a PSR.

The postprocess programs provide the user with four

Lo S Bt an )
PRI S Y

additional (optional) capahilities:

l. Postprocess Summary Statistics -~ PSR information

in graphical form.

- B dat et o X
P I

2.

Postprocessor Display - Graphical displays of
selected airéraft.

e newe T T T T

e e o s -




Il"
g

gty

ST T ST
ERAREIN 5
A _ . At

17

YI0oM39N utel 3Tdwexy -y Ianbiyg

MOVL ONIQYOT FONYNIALNIVA

INVYD ¥AMGd FTISOW

ISITYIDAdS ONIAVOT SNOJVIM

LSITVIOAAS TONVYNIALNIVW INIT LHOI'TI

SAOTANIS ANV FONVNIINIVW IJIVHONIV LHOITJILSOd

JOVYOLS YO NOISSIW ¥YIHLONY dOd LAVHOIIVY TUVITIdL

LIVIOEIV TANATA

NMOQLAHS NI I07Id LSISSY ANV NI IXVI 3dINS

NMOGQINHS (S)3ANIONT ANV ONIANVT dCLS TINZ Ol JIOMIVI LIVEDYIV WONd TWIL
SNOdVAM WIVSIA/WI¥ OL XDTHO AVMNNY J0 dN3
X¥MNNE OL TIAVHEL ANOCYD LIVIDYIVY

dNIdVIS NI 1OTI4a ISISSY

(SA'TISSIN ‘SEWOd ‘SNNO} SNO4GVIM AVOIdn
SMSVI NOILWMYdRId IHOITII™d

SNNTIVI 404 NOdHO

—l) £y

I-MN
09-a
GXZ9¥
IXIEY
LT3LS0d
LTANHARL
dnsvs
A¥IACOIH
JdIINOS
ADIHD ¥03
IXVYL
HIONOYTI
avo'x
LTdHd

aNIOTT

I1dLS0d/ITIOEHL ~ dASYD  © Aganoodd © Ixvl  © xo4HD #od

I-fR 1 094 1
oxXzoy ¢
IXTEY T STANTIVS 0XzZ9% ¢ IXIEY T
S¥H 1° SYH ¢° q0d SHH Z° S¥H 0°71 SYH 61
O—arzmos O woamo woa® Ixvd 2 ioams  ° HONONWI =~  avo1  C I1dasd ©

R W AL S

IO Y N WY

P NP R G T B Wy |




18

R\ 14

¥A0M33N axnTrey wajisdAsqng a1dwex3y -G ainbrg

(ANO 1ISvaT1 Iv Ing)

WALSAS AATIVd JO SIYV4ans - HONVEE ALITISVEOHd FAISOTOKINON - 9
WALSAS d3TIVd JO SIYV4ENS - Twvz9 HONWYE XLITIGVEONd FAISATOXT - 2
ISI'TVIDAdS SNOIIVOINOWWOO - (QXgze (10d43a oL anas)
LSI'TVIDAdS INIT IHOITd - TIXIEP NOILVIS SIHL dTAVdIVAEY ION -  SIuN
WALSXS QFIIVI INONDTHD FOVIAIY ANV FAOWIY - Ty
OL INAWAINDT d2ZITVIODAdS - QT-HM LIVEOYIV NO ¥IVAIY YO NIVINIWW - INIVR
IYVD ¥AMOd ANOOYS - (Q9-q FIVOITdNG ION NV -  ano
GXIIVd IVHI WALSXS 30 aWVN - OwWvz9 INIWAINOI I04dNS aNaowo - 3] 4
aNaog1
(z°=3) mqmdmu;«m/
€°=9
. (L =3) maxjy\wmwl; ave 9
(L-=3) XId
(1°=3) IFTEIADIANES
Z°=5
. (T°=39) SIAN TYVZ9
5 (8°=3) XI1Ia
¥
X
2 OT-HM T 09-a T
3 T Joms SEH g S¥H 0°1 6€
= SR ¢ 0X8ze 1 IXTEP T owvz9

T Ay T

- v, e
CRA I B SRR )
U TRt U, RO UL S BN

0X8Z€ T (£°=3) Ovvz9 azHcm\mwcaoommmgmoomaa[ IDY 139 ¥ MmnTIva 9
(1°=3) and

- N - . - . - T AT T ’ - e *
L e e ey )
g ey . - DRE b

‘.

sl ~
.- )

,... P A . R
Aaala’a nla’n'ma BF_Fllaf_taralil dilitalae

- o . . T X . . C e e e e e e e
T N . . et . femiam ha aa dom s B e aa A a
S S W VO N SO G ST PR W, 0L AP SR ST SN




» S 0 %
ki are s

NS

BN
ELENRL WA el = L

LIS Lt

ST S T I
LA

e

.
I
v
.

N et tle

o
Vi, . %o

v
.

't

19

“

3x0day Axenums IoURWIOIXBd © JO oydwexy -9 aanbrga
waet 1132 4 [ § 2d 201 14 Ge* 42 [ [543 23° 0 sa*ge BROKW O1IANS B34 Wa SIRPWALS OV
0 oL ] ‘v 9 0 *3 0 0 %0 0 . LOGEY 135N SUNCMen WILBIAL of
] *Q ‘e 0 1] *3 e 0 iz ] 0 LF-SEN *Slivs A0N SGMyy 3g L )0e L1
.0 .0 0 .Q .0 o 0 0 3 *0 o w0llgendlad A “Aung LM 4L
© *0 *y *0 ] *2 .0 *0 ‘0 ] °z I11.34X3 AY *apie L) of
] °0 ) *0 *0 ‘s i{ ] o 0 % L t%asensS) FNuviivAy 424 s€
LU0°CeE 3C°0ul VO°LOT 00*V0t (0)¢001 0_%.CY QaGecol go°cct ©03°%01 *0 [ TR | (3Inidd VIV VIvhy 1 2¢ oL
V0cgge 0°1Z0F V0°14S 000,521 Acoezgl Or aly 00+4IF Q0¢219C 03*¢ K1 "0 ocCragl3s A30uY-133 .13s 4} 338elN 5C
9 44 ¥1 o 8629 oueo0t 1g° *9 *C 80°Qot LX) si%S AINYNANLI Y GIndg 144 1€
cocoet 3icse!  00c00% 20eut .0 sv'¢e oGe0ed 0o°ccl *2 * se°ty FINVNIINIY  13HI5NA e at
[S1FY [ TXAY ] [ 2247 sEe2t Teeg (444 (142 { [ £ 272 eL°S 0 sko%¢f ANTY 4ILN SI0kNVH ¢
LE L eeet [ 134 (13 LT 1 is* ole €0 . Q¢ *9 z9° ) Nolivli ian 1 ¥wis ad
¢i20001 00°Oyel 00®Oppl 0Qe0swl 0Z¢Owpl O: *Seel 00¢Gy®T 00°Cral 02°0¢0? 00+Curt 0s°Cos@d——— - .. (QOLE R ievIivay LR TR TRy ]
sxelt [¢1 11 [ { T4 1] ¥4 (%1143 12632 oxges Jotes 1918 71y viga T3Iwti0g 41
0 ol 3 X NaQV4 SHSYL D9 31 43alrn 4}
. *0 LRRL S 1 Wivteel senc ) InlaTs o8
3 %03 . _ 32t __AVCQZ 37Y% f¢311eDS «u 20w *2AV €T _
*Q €C*9 [ 4 94 ] Nl ConACY . Aunl 1dved ily YDAV 22
3 acete [ 1934 AQGYIy AVIYNLEIvL 393 234 12
0 ooe* oz°* U iiva e ID1an3g 1dd ol
he *9 64021 6d°2t . sfhlviy livs upiSsie 134 (3
*3 ‘0 c $40% ;)4 8t
. %G .. 69%8Z _._ 8%°§2 . Pevdlug¥n Chas ¥ 2l
*p Tle22 Ztlez2 IINYNILUIVE F4ISNY L dd 2t
‘0 F0°s €C*S ... 14%37y MINIIS5I1.08 16 [ 1.
.0 00*024 octed TIVAY SAvI=1ivEd~ly 3] ¥3IEaTn ol
. *0 00%y2 ALY (aNFrenliny livadqlv J4) y38mfw g1
"R %Y. ELY ) Ivi0L X 4532wV
L4 00s%y *0 so°Ze ofe1gt O0°S2 0d%*q2 oorcat 00°cdiS.. (Wi 013S, 08y SIw 37 gIEmlA 94
‘e 0 .0 *0 LY ] 0 *) *0 *3 SHIvYaIY nyy 31 3XewlN SA
‘a °0 0 0 (1] *0 0 ] *c . S..Ctilbiiv 23 g3I€EnCM v
‘o 0Q*ed 0 o 1] .3 ‘0 c e 00°we AINIWUZINTI 3y 123w 31 "43Calfu ¢
*0 *Q (1 5 .0 pct01 0d*y 00'8e _ .0C°2e . $4¥Y13a 33AivIa il 338aln_ 24
*c *0 0 0r e oc 9 00*'s *0 00*yi oLzc $1334vy ¥IViv3e 31 33€aFK W
*0 rEete *0 92°ce tCe2s ds48 135 21%%5 08°re . —  0G31$17e,06307 in3zOyld c
*°0 00e9g *0 0z°vit 00°912 049°Gs 02*es 00%yz2 Sr*ood AIHS T T4nN1IIV N iunIN
L) 0009 0 05°e11 00°egZ CO°211 02°29 00°%9¢2 ot*gs 03183003y $311305 41 yICmCN o
.0 CEoke *0 1Ce2e 0i%a0 i9°9¢ Z2legs [ FRXYY 03NS IVACIIV IN1IMH e €
0 00%9¢ °0 00°z6 O0C°e0l 0O0¢ev _ 08°8z 00°211 ._ cC°Ite.. . . G34S1T4mUIIY 232wl ..
o0 0009 0 Do'gs 00°ZITt 00°9s 0Q3°3¢  0O°clg oCooch d34g3N03y SHOISSTa 37 3IEwfN 1§
R sINL0 1 7% ] 1 T%1 283 AN v¢Yd 207> sv3 Wwios ; s Mo LAY Nw3IaO ______ __
0°09 04 0°0f nOns GOIE3M ASYwWuuns 42 YmuwuDdJu3ld

1 13439

T

dn o 2a¥a’a a

Rt

VIRV W




R R0 B AR AT I A YA
 gam i mmnmr Tom TR OWRI ST WO WTCOIUR R MO ,';?.\'\w‘ e, AR Yoo v’_;\‘_.‘_":.;v,‘,..,,.‘m
"""" Tt et T AT e A SN NLESNRC - S AN XU SN B LA IV PR e S 1

A 20
i':_'-"
3. Manpower Matrix - Summary data, by shift, for

.- '
- " »

personnel utilization.

o 'u. Postprocessor Parts Failure - Displays statis- |
- tics relating to parts failure.

See Figure 7 for an example of the manpower matrix output.

The mission requirements for this study relate directly

to the maximjization of sorties produced per unit time. 1I.
order to compare 5-level and 3-level mission accomplish-
ments, the same operations schedule is utilized for every
simulation effort. This operation schedule calls for four
aircraft maximum (two aircraft minimum) té takeoff every
hour. Only a 24 UE (unit equipage - 24 airplanes available)
organization was considered. This number of mission
requests far exceed the capability of the gsimulated organi-

zation and results in a maximation effort.

Data Required and Collection Method

The data required for this project included:

l., A listing of all maintenance tasks related to

the F-4E aircraft.

o 2. Failure rate information for each aircraft

f;f system, subsystem, or part.

i} 3. The repair technique for each maintenance dis-
fg crepancy, skill level requirements and associated repair

i; times, probabilities of rework.and associated safety infor-
T} mation.
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A list of all maintenance tasks can quickly be derived
from the work unit code manu;l for the selected aircraft.
For this study we utilize T.0. lF-4E-06, Technical Manual
Aircraft Maintenance Work Unit Cocde Manual USAF Series F-iB
Aircraft, dated 1 June 1978, changed 1 August 1979.12

The work unit code consists of five or less numeric and
alphabetic characters and is used to identify the system,
subsystem, aand component requiring maintenance.

All maintenance perforimed upon United States Air Force
aircraft is recorded on Air Force Form 349 by the main-
tenance specialists who perform the work. The specialist
records the work unit code to identify what part of the air-
craft was serviced, a code that identifies what type of

- =intenance was performed, the number of maintenance men

‘tequired to perform the work, the Air Force Specialty

‘ode (s) of the specialists, and the elapsed time of the

ork, as well as other information. This information is
then entered into the Air Force Maintenance Data Collection
(MLC) system along with aircraft flying time, number of
su.cvies (flights), station where maintenance is performed,
home station of aircraft, and aircraft identification. See
Appendix A for a discussion of the MDC system, reproduced
from Air Force Manual 66-1.13

Failure information for the F~4E aircraft was retrieved

from the MDC system and processed to recover the failure

rate (average number of sorties betwcen maintenance actions)
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for each system, subsystem and component. Due to biases

caused by false or inaccurate reporting in the MDC inform-
ation, it has beén found that the elapsed time and crew size oo
information is not always reliable. However, the number of
failures, flight time and other information has been found }
to be accurate. Therefore, this research utilized the MDC

system to collect information pertaining to the failure

lﬁ rates of F-UE subsystems and parts. For each system actual

number of failures during a time period are divided by the
total of sorties flown during the period. This mean value
is then used in an exponential distribution to determine

simulation failure sequences. Lieutenant Colonel Donald

— Tetmeyer explains the rationalein one of his publications.l‘
There are various techniques that could be utilized to
estimate the ;ime required to perform maintenance upon air-
craft. Some of these technigques are:
1. Direct work measurement
2. Work sampling
3. Analysis of Air Force MDC data

4, Opinion survey of maintenance experts

The basic method used in this research to collect main-
tenance data has been developed over the past 15 years
r through extensive efforts by several manpower specialists.
Due to errors and false information found in the MDC system,

an interview éechnique, called an operational audit, was

-

e
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used to determine the mean task times for each maintenance
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task associated with an aircraft weapon system under study.

The times are determined by discussion with highly

skilled maintenance supervisors and confirmed by discussion o

with maintenance personnel who actually do the work. The
consensus average task time for every maintenance task, re-
quired crew size, and nzcessary support equipment are thus
determined. This method normally requires from 2 to 10
hours per work center (there are 15 to 30 work centers for
each aircraft maintenance system), depending upon the size
of the work center, skill of the interviewer, and under-
standing of the maintenance personnel. For sach task, the
number of Air Force maintenance personnel interviewed
depends upon the similarity (range) of the estimates re-
ceived. Little variance has been found between independent
estimates for task timez received from different maintenance
specialists. Whenever differences larger than .3 hours are
detected the specialists involved are asked to convene and
produce a group consenses as to the‘“correct“ task times.
This seldom happens.

In an effort to validate this methodology the Tactical
Air Command (TAC) used time study techniques (performed by
the Air Force agency that is responsible for manpower utili-
zation through a management engineering team at Seymour
Johnson Air Force Base, North Carolina) to check many of the
task times reported for the ongoing study of the F-4E air-

craft.l3 Lieutenant Colonel Richard Gunkel headed a group

RIS W [P e, Sl il ' tm Tl mm m m T allamtat A et a e
e el B i m lm T al m -l.
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that analyzed taak time data to determine the type dis-
tribution that bost roprelonks maintenance task times. As
a result of this atudy the team recommended the use of the .
Log Normal Distribution with the standard deviation equal to
29 percent of the mean task time. The atudy also confirmed

that the interview technique produced acceptable mean task

times. McDonnell Douglas Corporation is currently conducting
a study aimed at the update of variance estimate for air-
craft maintenance tagks. When their study is complete we
should possess better information about task time distri-
butions and factors affecting deviations from mean task

time.

In a further effort tb validate the entire zimulation

approach the group ran the simulation with operational
requirements identical to those for the actual operational

unit at Seymour Johnson Air Force Base. The results of the

simulation were reported to be within three percent of actual
results of the unit in tefms of mission accomplishment,
manhours expended in each work center, and aircraft: turn
0 time.

It should be noted thét time study techniques reguire 50
to 200 times as long (in both manhours and elapsed time
. duration) to collect the same data that can be obtained
through operational audit technigues. Due to the nonrepeti-

tiveness of many of the maintenance tasks involved (some

- occur only once in several hundred migsions) and the
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varying conditions under which they might be required (rain,
snow, cold, pressure of priority missions, war, etc.) time
study techniques may be no more accurate than operational
audit techniques. For this study operational audits were
conducted at Seymour Johnson Air Force Base during several
visits during 1979. From the work unit code manual for the
selected example aircraft each maintenance specialist ident-

ified all tasks for which his/her specialty is responsible.

Each task was identified for the type of work (remove and
replace, repair on aircraft, troubleshoot, inspect and

&! verify, etc.) required when a write up (discrepancy) has
occurred. The specialist was then asked to estimate the

time required to complete each task when the work is per-

formed by 5-level and 3-level maintenance personnel.
Maintenance crew size, rework probabilities, safety and

other ralated information were requested from each specialist.
See Appendix B for an example of the operational audit
technique. See Appendix C for an extract from the list of
job titles, S5-level maintenance repair times, and 3-level
maintenance repair time.

LCOM Constraining

When the LCOM simulation is debugged and the unconstrained

results analyzed the number of maintenance personnel in each

work center is limited and the simulation rerun. This ini-
tial constraining is based upon experience as well as the

numbers of personnel called for in the unconstrained




-y

v T ARSI AN
- PSR SO Sl Pl Sy DA SN S A It L PRGN T
B T /"W"—"w“. w v ‘.‘ AR NS I T M LILINIRE DR R Y il N
R L AR - o -

28
simulation. Personnel are added or dropped from the various

work centers through an iterative process until the re-

duction of one specialist from any work center causes the
simulation results to be less than that called for in the %
planned scenario. Usually this is 95 percent of the uncon-
strained accomplishments in terms of sortie rate.

Although it is possible for different manning levels to
result in the same output in practice this rarely occurs.
In any event, thg LCOM simulation is analyzed until the man-
ning that results is believed to be the minimum that will
achieve the desired sortie rate.

Safety, pilot morale and maintenance concepts also
relate to the current research. Each of these problems was
considered throughout the interview and research processes.

Safety Problems

Each of the maintenance specialists was asked about safety
problems that might occur if a greater percentage of main-
tenance personnel possessed only a skill level 3. Also,

quality control personnel werc interviewed in an effort to

! determine safety implications of increased 3-level utili-

| zation. All persons interviewed cxpressed the opinion that,
" due to required adherance to technical orders and inspection
o by higher skill level maintenance supervisors, safety
(ground or flying) would not constitute a problem. A review
'q of quality control records did not establish a basis for

believing 3-level maintenance is inherently less safe than
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S-level performance, uawcvef. this area may require exten-
sive additional research prior to forming firm conclusions
about safety implications.

Pilot Morale Problems

In an attempt to assess a possible impact of a main-
tenance skill level decrease upon pilot morale, the author
designed and distributed a gquestionaire to a sample of Air
Force pilots at Wright~Patterson Air Force Base, Ohio. See ‘
Appendix D for a copy of the survey and some initial
responses. ' _

The first four questions were intended to determine if
there is a pilot morale implication and last two questions
were intended to elicit additional information about ﬁilot
reactions to maintenance skill level changes. Due to the
small sample size and the subjectivity of the relponsei, it
is not possiﬁle to draw firm conclusions about maintenance
skill level reduction effect upon pilot morale. However,
one might note the alternatives sugges{ed bf concerned
pilots. A more in-depth survey of aircraft crew members and
maintenance personnel is suggested prior to implementation
of any planned skill level reduction.

Production Oriented Maintenance Organization .

Production Oriented Maintenance Organization (POMO)
refers to a maintenance organization method that seeks to
gain greater overall productivity by utilizing available

maintenance personnel to assist in tasks that do not fall
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within their specialities. ?OMO has been implemented ;nd
is being evaluated at many Tactical Air Command bases.
Although POMO was not considered during this study, LCOM
now has the capability, through the use of resource sub-
stitutability to incorporate POMO into future studies. ' See
Keller for an in-depth explanation of POMO,16

Research Objectives

The objectives of the current research effort are:

1. Provide a method to account for various skill

levels in mdintenance manpower forecasting and mission capa-

bility asgessment.

2. Illustrate the use of digital simulation to
provide a means to analyse the effects of skill level

changes.

3. Demonstrate the use of computer simulation to

verify sampling techniques.

4. Demonstrate the use of interview techniques to

establish task times for different skill levels within a

complex aircraft maintenance organization.

S s




CHAPTER II

RESEARCH METHODOLOGY

X
Research Description

The objective of this research is to develop a method
whereby an analyst can forecast the effects of varying the

skill levels of personnel within a military aircraft main-

tenance organization. To accomplish this objective the

author has adapted a large scale computer simulation model

of a military aircraft maintenance organization.

The inputs
7 to this computer simulation model are varied to test
x
.
P the effect of various maintenance task times that relate to
.

the possible skill levels of the maintenance personnel that

make up the organization. These task times are developed

through an interview technique with maintenance specialists.
Task times for each task and each skill level maintenance

specialist are collected for the F-4E aircraft system. The

computer simulation model is then used to compare the results

M
‘

of several possible scenarios of differing average skill

level within the maintenance organization.

Various sampling techniques are used to determine the
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least amount of interview time and computer model manipula-

S tion that will provide the same simulation resuits as the
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T complete interview encompassing all maintenance tasks in-

volved with the subject aircfaft. The purpose of the sam-
pling is to reduce the cost of the interview process (called
the "operational audit").

The costs associated with a complete operational audit
relate directly to manhours required and elapsed time. A
single interview will discuss task times for up to 100
different jobs. Each job may entail 10 minutes of dis-~
cussion. Usually 2 or 3 specialists are interviewed for
each work center. Thus, we are talking about some 20-30
minutes to develop the task time for each job. For the F-4E
aircraft, there are some 2,000 tasks which relates to about
670 interview'hours§' The Qampling technique developed in
the research calls for about 150 tasks to be sampled. This
relates to 50 interview hours. Thus the sampling technique
results in considerable time saving in the interview task
alone.

Also the sampling technique results in simplified com-~
puter model manipulation and thus saves additional time.

Lﬁ Through the techniques developed in this research the total
elapsed time to adapt a current computer simulation model to
account for an average skili level change (this includes

L‘ interview time and computer'simulation model adaptation)

can be cut from four months to about one month.

-
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In particular, this study defines and demonsatrates
the utility of the "operational audit" technique to acquire
the estimated task times for all the maintenénce tasks per- ’
formed by average (5-level) and low (lL~level) skilled

personnel perfcrming maintenance upon the F-4E aircraft.

However, heretofore, the operational audit intexview tech-

nique has not been utilized to collect data pertaining to

skill level productivity differences. This research adapts
the operational audit technique to collect data pertaining
to task times for 5-level and 3-level maintenance personnel. |

The information gained in the operational audit is then

used in an LCOM computer simulation model to prepare a
series of computer simulation runs. These simulation
results will compare 5-level and 3-level skilled maintenance
personnel productivity. 1In Figure 8 these 5-~level and
3-level simul;tion efforts will be referred to as series A
and B, respectively. The effect of the skill level redic-
tion upon mission accomplishment, maintenance manhours per
flying hour (MMHPFH), and manning will be analysed.: A
separate section will explain what is considered as a signi-
ficant difference.

Series A and B are computer simulation models of the

same maintenance organization. Series A incorporates all

5~level maintenance task times as determined by the oper-
0 ational audit technique. Secries B incorporates all 3-level

te - maintenance task. times that are also determined through the




. 4 - . e * Ad w - - -
*'-..p..-‘.h—‘_n..a T N T T T R AR T SO WS XA NS A ISP RN/CIM N IO ST I P NN My L JUE R DR A

,"
e
=
Lo
Ca
o
o
[
oy
e
b‘ _
i ]

e T pu Sach Nusy vaus
- R T e =R 4 NLEINUAILRAA Ciniall SRR Guib i Mes Sups i
At ] AT NN BT, TR T T e TR T T R N T N L o . - R Pt

34
operational audit technigque. All maintenance tasks are in-

cluded in the oparational audita that develop inputs (main-
tenance task times) for series A and B. These tasks times,
as they differ for 5-level and 3-level skilled maintenance
personnel, are the only difference between series A and
series B computer,simuiation models.

If there is no. significant difference between the series
A and series B result in terms of mission accomplishment,
manhours expended, and number of personnel required we can
determine that no adjustment need be made to the original
5-level model to enable us to forecast the effect of using
lesser skilled maintenance personnel. Indeed, this result
would mean that lesser skilled maintenance personnel are
just as productive as the average skilled personnel.

If there is a significant difference between the series
A and series é results we will be able to say not only that
a difference existé, but we canvsay‘what the ;elative pro-
ductivity difference is between a maintenance organization
manned by all 5-level personnel ard one manned by all 3~
level personnel. In this case the research will continue
in an effort to determine the simplest method to forecast
the'magnitude of the skill level productivity difference.

Due to the large amounts of time required to pefform a
complete operational audit we would like to test the
feasibility of incorpérating various sampling techniques

into the operational audit phasce of data accumulation. The
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sampling that we are evaluating pertains to the number >r

parcent of maintenance tasks that we must include in our
operational audit so as to develop a task time difference
factor for a maintenance organization or suborganization.
To be feasible, these sampling task time difference fac-
tor(s) , when incorporated into the 5-level simulation model
mus£ result in’'the same‘productivity and manning as the
3-level model that was developed from a full operational
audit. See Figure 8 for the flow diagram in the gquest for
the simplest operational audit sampling techniques.

Fiéure 9 represents a mathematical approach to this
research design. One can visualize this as the LCOM model
of the real world. The vertical columns then represent the
specific limitations or manipulations required to analyze
the various techniques to simulate the real world situation.
The real worlé side is narrowed to the F-4E organization.

It is further reduced to the expert opinions of the task
times required. Then the real world is narrowed through
averaging, sampling and grouping techniques.

The LCOM simulation of the real world is limited to the
F-4E aircraft. Inputs are obtained through the operational
audit technique to compare 3-level and 5-level cutput para-

meters. Further comparisons are made using the LCOM simu-

lation and averaging, grouping and sampling techniques.

Firat let us average the percont expected time differencas

to complete cvery task (including rework” probability) with

..........
PP U W WP W WV
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3-level skill as opposed to 5-level skill. Applying this
factor to all maintenance tasks in the original S5-level
baseline simulation we rerun a series of simulations. The
results of this series (C) are compared with the first series
of 3-level skill simulation runs (series B). If there is a
significant difference, this averaging technique is not valid»
so we would proceed with the analysis of task times averaged
by work center.

If, on the other hand, series B and C are not signifi-~

cantly different a portion of the tasks will be sampled.

The percent time differences will be averaged, and compvter
simulation series D performed. If series D and C are not
significantly different, one can conclude that the etfects
of skill level differences upon mission capability can be
estimated through this sampling technique and computer simu-
lation. Only a sampling (see section on Sampling Size) of
other aircraft maintenance repair time differences needs to

be analyzed to use the computer simulation technique to

estimate skill level effect (indeed, the same correction
factor may apply to other aircraft systems as well, but will
not be validated at this point).

If series B and C are not significantly different,
series D is merely a confirmation as to the size of the sam~

ple required to estimate the population mean (here the popu-

s rr TR TITTTY RN
T T d A S b ta Tttt

e X
-

lation mean is the mean of the series C results).

o

If series B and C are significantly different, the task
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- time differences by work centers can be averaged and computer
simuiation series E performed. 1If there is a significant
differance between series B and E, the sampling technique is
not‘justificd. However, if no significant difference is
:f detected, the task time differences by work center is a
; valid method to determine skill level effect. Furthermore,
P randomly selected samples from each work center can be used
. to test if the work center effect can he estimated by a
f technique similar to that described above. Figure 8 gives
ﬁ a guide to the simplest operational audit sampling technique.
¥ Data developed from the above research plan will be
presented as follows: ‘
N FIG. 8 SORTIES/AIR- SKILL TASK TIME
TABLE SERIES CRAFT/DAY MMHPFH LEVEL COMP. METHOD
3, 5 A 2.3 37 5 Operational
Audit
4, 5 B 1.8 50 3 Operational
audit
6, 7 & (! 1.7 55 3 Averaging/
11 Simple Random
Sampling
8, 9 D 1.7/1.8 54/49 3 Work Center
Grouping
'- 10 E 1.8 51 3 Combined .
. Grouping
: Sample Size
2 Suppose, for any work center, we wish to take a sample
E - that will insure a 95 percent probability that the error of
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the estimate of the zample mean (X) percent time increase
will not exceed § percent of the mean. For large sample
sizes, X tends to be normally dist;: buted with mean v and

variance v?/n., Thus for a 95 percent confidence interval

we have

7 - 1.96¢ = 1.960
P X v, 3 < + S
Therefore, for an error of the estimate to be .1lX, we

set this value equal to lj%ﬁ& and solve for "n".

This gives
1.960
/'R =
=X

Since we do not have o let us substitute the sample
egstimate "g" as an approximation.17 Also, since we are
anticipating a small value of "n", we will use the "t" dis-
tribution to obtain the coefficlient for s//n. Now we can
use the "s8" and X for each work center in a progressive or
iterative fashion to keep an ongoing X and "s" and add new
random samples until the formula

< ts .2
n = |
.1x !

gives a value of "n" that is less than or equal to the cur-
rent number of samples for the work center under consider-
ation. As a first effort, 25 samples (for all work centers
that have more than 25 tasks, elsewise a 100 percent sample)
were drawn !rgm each work center. The computed mean,

sample size, sample variance, number of samples reguired for

a 95 percent confidence of work center mean task time




PR

b
S
b
b
L .
3

[ S Tataba Pubamnt S 2

.
" -
\ )

- i I RN RO AR .‘::!
S - N s B AN A AR A NN S A A A A T I S e

Yoo T ‘“."-‘:".‘rI"-"‘b\.n\.;::":\‘}l";\\‘.l.\!.\-h_k\‘;\ [ .3\-\3.“.1.-,\..). Rt EL e T ettt e Y e T LA

A O 1

' i

42
within the range X z .1X and the actual 95 percent confi-

dence range for the currcnt sample are presented in Table 1l.
For reasons that will bhe apparent later, the statiastical '
techniques and number of samples chosen is sufficient for

the purpose of the study. '

Some of the parameters that can be used in such a test

include:

l. The work hours for each work center.
2. The averaga preflight preparation times.
3. The average postflight service time.
4. The total number of sorties accomplished.
As explained in the previous section, baseline (series
A or B as appropriate) results are compared to each pro=-
gressive experimental design step. The significance can be
estimated by using an F-test, The null hypothesis (Hg) in
each case will state that there is no difference between the
mean value of the parameter under congideration for the
baseline 3-level simulation and the alternative method being
compared. In this way we can progresgively compare' the
baseline J~-level output to the baseline S-level, the 3-ievel
using averaging, the 3 level using simple random sampling,
and the 3-level using group techniques:
To calculate the power of the F-test, four quantities
must be known:
n =~ the number of observations in each sample

a = the significance level
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g2 - the population variance
w = the actual means of the treatment population
The first two are controllable but the latter two quan-
tities are only estimates.

However, from Lindman we learn that the rf-test is the
most powerful, practical test of the Hg and reasonable
estimates of the power can be made.l8 The estimate can then
be used to determine how large an "n" will be needed for any
specified significance level and power.

For example, let us compare the manhours for a given
work center using normal skill levels and low skill levels
assuming 25 manhours per unit time as the difference in mean

time that needs to be detected. First, choose .05 as the

significance level (a) and choose .9 as the desired prob-

abiiity of detecting such a difference (the power'of the
test). The number of observations (n) per group can then be
estimated from Table A-1l0 in Lindman to be about 15 obser-
vations in each group.l19

From this starting point one can make 15 simulation runs
for each of the two groups in the analysis and calculate the
sample variances to check the estimate of variances made
previously. Now the number of simulation runs necessary to
achieve the desired significance and power of the test can
be recomputed.

The dasired power and significance--say .9 and .05

respectively-~can be seen as a tradeoff of variance and
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required number of simulation runs for the hypothetical work

center of our example (see Figure 10). |
Also one might note that the confidence limits for the '

actual mean values for each work center can be calculated

from the equation

PIX-22cu<k Sf1=1-a

where

U DV

>l
]

sample mean

s ¢ = sample variance

n numbher of observations in sample

b = number of standard deviations associated with

This calculation will be helpful to determine the magni-

tude of the effect of skill level changes within each work

center, 20
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FIGURE 10. Variance Tradeoff.
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CHAPTER IIl '

ANALYSIS AND RESULTS

Task Time Comparisons

There are over 2000 total tasks 2nd 28 different work
centers (career designations or specialities which were
chosen for this study) for the F-4E aircraft. For each of
these tasks, elapsed time estimates were established through
the operational audit technique for 5-level and 3-level
maintenance person: .1. Appendix C contains the times for all
tasks for each skill level., Table 2 gives a listing of all
work centers, the number of separate tasks for each work
center, and the average ratio of 3-level divided
by 5-level task time. The variances for sampled task times
are also reproduced in Table 2.

Simulation Analgsis

The output of the 5-level maintenance simulation runs

appears in Table 3. This is series A in the experimental

design. The output includes the average sorties/aircraft/

day, the total maintenance manhours per flying hour, the

i maintenance manhours per flying hour for each work center,
E; the average presortie and postsortie processing times.

;é The mean figﬁre for each category is calculated as well as
. 47
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the variance and number of "runs" necessary to be 95 percent
confident that the actual mean is within 10 porcent of the !
simulation mean. The number of runs is calculated by the ' §
statigstical technique previously described on page 41.21
These data come from 140 days of simulation. The first
90 days were used to calculate the variance and estimate the
number of data points required to meet the confidence limits
stated above. An autocorrelation program was also utilized
to determine.how many days need be simulated to constltute
each independent data point. fThe autocorrelation effort
demonstrated that any one simulation day is not statisti-
cally correlated with any preceding or folldwing day. Due
to the extremely large number of occurrences each simulation
;E% day, these results are intuitive.
The output of the 3-1e§el simulation runs are presented
Fﬁ in Table 4. This is experimental design series B. The

o same information is provided as for the 5-level maintenance

simulation evaluation. For this simulation effort every

Le task time has been evaluated and changed as necessary to

P T

account for the additional time required for low skilled
(3-level) maintenance personnel.

Clearly there is a large difference in mission capa-

AR S A ITETFTY

ST PRI

bility when low skilled maintenance is utilized. The most
significant numbers to compare at this point relate to
f‘: average sorties/aircraft/day and MMHPF{ (76 percent as many

sorties produced and 134 percent as many manhours used).
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See Table 5 for the comparison of each work center. Note
that these are two extreme positions. The 5-level baseline
situation stems from the assumption that all assigned main-
tenance personnel perform at the 5-level rate. The 3-level
baséline situation comes from the assumption that all
assigned maintenance personnel perform at the 3-level speed.

Having demonstrated a significant effect from utili;ing
3-level maintenance, it is now necessary to f£ind the sim—i
plest method to forecast these results without the need to
perform a full operational audit for each'aircréft weapon |
system. This leads to the experimental design series C.

By weighting average sample work center task time per-
cent increase by the numbe; of tasks within each work
center, the overall averagé percent of task time increase
when maintenance is performed by 3-level versus 5-level
personnel is 149.4 percent. This percentage is developed
as follows, We sample each work center to get an average
percent task time increase‘for 3-level versus 5-level
maintenance. Then we weight each work center's percent
task time increase by the proportion of total tasks that

fall within that work centér. The result is an overall

o
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average task time increase factor of 1.494. Because we are

anticipating further uses for our data a stratified sampling

oda

¥ R
)

technique is used to collect. Now we multiply every task

time in the original 5-level simulation program by 1.494

e,

and then rerun the simulation. 1In LCOM this figure is
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called a TMULT (Task Time Multiplier). The results of thias

technique are preaented in Table 6. Again the same con- :
fidence limits were used to determine the run lengths. We ' i
will make use of these stratified samples again when we con-
sider data grouped by work center and other grouping methods.
Another, and more precise way to calculate an overall

task time increase factor is to weight the average sampled

work center task time percent increases by the average
maintenance manhours per flying hour ratios from the 5-level
simulation results. This additional weighting takes into‘
acccunt the number of times each particular work center

performs maintenance, elapsed maintenance time, and crew

size as well as the avarage task time increase for 3-level
versus 5-level maintenance personnel.

The renu;ts of this method of averaging is an overall
task time increase factor of 1.463. Table 6 also displays
the results of using TMULT = 1.463.

Since both of the preceding TMULT calculations round
off to 1.5 when using two place accuracy, Table 7 includes

a TMULT factor of 1.5 to check the sensitivity of the LCOM

simulation in relation to these different TMULT figures.
1 From Table 7 note that these three TMULT value give nearly
the same results.

Significant Dirferences

- The term'"significant differcnce" in the sense utilized

for this study depends entirely upon which guestion is to be
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answered. In terms of sorties/aircraft/day a difference of
10 percent or approximately :2 sorties/aircraft/day is con-
sidered highly significant and a difference of 5 percent or
.1l sorties/aircraft/day is considered notable. This is a
consensus from past LCOM studies. As can be observed in
Tables 3 and 5, the sorties/aircraft/day do not significant-
ly differ between 3-level bagseline (Series B) and the three
TMULT efforts (Series C).

In the case of maintenance manhours per flying hour
(MMHPFH) management uses 5-10 percent as a significant
difference. As explained previously, the "n" (number of
simulation data points) required to be within 10 percent of
the true mean is calculated. The "n" required to insure
the power of the test to be at least .90 is also determined.
In all cases the number of samples/simulation days meet both
requirements.' As can be seen in Tables 4, 6 and 7, the
MMHPFH for the 3-level baseline (Series B) simulation effort
does differ from the three TMULT simulation methods (these
three methods do not significantl§ differ from each. other)
by nearly 10 percent. 1In all cases the TMULT methods
require less average presortie preparation time but more
postsortie time. We shall pursue this later.

Work Center Task Time Increase Factor

Before looking for an explanation to this "coincidence,"
the Series E Bection of the experimental design i1s analysed.

Whereas the TMULT methods grouped all tasks irrespective of
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work center, this time we will consider each work center

separately for the purpose o% the simulation,

Multiplying all tasks wiﬁhin each work center by the
average task time increase for the work center (as deter-
mined by the stratified sampling by work center) and rerun-
ning the simulation effort produces the results in Table 8.
Remember that we initially collected our samples by work
centers and calculated the number of samples required from
each work center to meet the 95 percent confidence restric-
tion. We now apply the work center related factor tolall
task within the baseline 5-level simulation to produce our
estimated 3~level output. The sorties/aircraft/day, and
all of the work center maintenance manhours per flying hour
are in line with the baseline 3-level (Series B) data.

However, the difference in the total MMHPFH is significant.

Other Grouping Techniques

Now let us divide the work centers into groups and treat

each group as we previously treated the work centers. For

example, choosing three groups by comparing the average per-

cent time increase for each work center. Then, using

natural break points, we can divide the work centers into
categories according to the task time increase factors. The
difference in the task time increase factors can be grouped
into small, moderate, and large difference categories. Each
5~level baseline task time is then multiplied by one of the

three group task time increase factors from the following:

R
" e i Bt RAC N I
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Small Difference Moderate Difference Large Difference

326X0 1.34  321Q2 1.51  325X0 1.58
328X1 1.32  325X1 - 1.46  328X3 1.61
328X4 1.36 404Xl 1.46  324X3 1.56 \
329X0 1.37  423X0 1.46  431F1 1.58
423X5 1.34 423Xl 1.44  431Rl 1.64
431Y1 1.31  423x2 1,49  531X0 1.62
462G0 1.18  423X4 1.50 531X3 1.56

g 462W0 1.30  462X2 1.44
i 531X4 1.38  461X0 1.50
- 462L0 1.47
3 531X1 1.44
i 531X5 1.50

The unweighted mean is then calculated for each category.

ey
R

All tasks for each category, as utilized in the S5~level

Py

baseline situation, are then multiplied by the respective

task time increase factor.

T
L e

A simulation was run utilizing this grouped work center

technique. As can be seen in Table 8, the results are quite
similar to those of the work center sampling technique.
Again, the total MMHPFH result is significant.

In an effort tc determine why the total MMHPFH for each
sampling effort was larger than the total MMHPFH for the
baseline 3~level simulation, this author discovered that the

tasks for which the 5-level and 3-level times are similar

AL

are done more often than the tasks for which the 5-~level and
3-level times differ greatly. When looked upon from another

viewpoint this discovery becomes gquite intuitive. Tasks

L TEY VT‘,".""v.T'_:" ;"'7—:"

. -

which are performed more often, therefore being more repeti-
tive or ordinary, lend themselves to beiny mastered sooner
. by the new 3-level maintenance personnel, Whereas tasks

which are less repetitive (often longer, more involved

PRSIV S L
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tasks) require more experience to be mastered. This is not
saying that these particular tasks must be accomplished more
often in order to be mastered, though that may sometimes be ’
the case. Rather, the 5-level, due to his longevity,
relative experience, and greater likelihood of having seen
or performed this task more often, has gained the speed ad-
vantage over the newer 3-level.

For example, if task A (say refueling an airplahe) is
performed for each sortie the 3-level will quickly learn to
be as‘proficient as the 5-level maintenance person. On the
other hand, task B (say troubleshooting an electrical wiring
problem), which may be performed only one each 1000 sorties,
the 3-level may need much more time, on the average, than
the 5-level maintenance person.

Let us now weight the sampled task by the relative
"hits" that occurred in the 5-level simulation effort. That
is to say, weight the task samples by the relative propor-
tion of time that each task occurs. The simplest and quick-
est way to do this is to look at the output of the 5-level
baseline simulation. From the "hit matrix" we can see the
number of times each sampled task was performed in that
simulation effort.

The average, weighted, task time increase factor for
each work center can now be recomputed. When utilizing
these factors'(see Table 9) all parameters are in line with

the 3-level baseline simulation. Once again we divide the

.........
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work centers into groups. This time, since there are no
groups with a factor greater than 1.6, use two categories.
Weight the factors by the number of "hits" as described
previously. This yields 1.25 as a TMULT for all work centers
that had a task time increase multiplication factor less than
1.35 in Tablé 9, and 1.50 as a TMULT for all work centers
with a weighting factor greater than 1.35. The results are
presented in Table 10. One can &lso recompute the overall
TMULT factor using this weighted sampling technique.

The results of rerunning the Series C simulation effort
with TMULT = 1.35 (see Table 11), verify that the four para-
meters all meet the established significance criterion (that
is, no significant difference between Series C and Series B).

Thus each of the three methods that utilize the final
weighting technique produce the same results in terms of
sortie rate and maintenance manhours per flying hour. How-
ever, some of the individual work centers do not remain
within the 10 percent guide in terms of MMHPFH. Before
analyzing this individual work center difference, the
current results are summarized.

Depending upon what question one is seeking to answer
one can now select the sampling technique that best resolves
the problem. If one wishes to know only the change in ex-
pected sorties/aircraft/day, a simple random sample of size

t s

"n", when n =" [ = 12 as defined previously, will suffice

to determine the TMULT factor, which can then be used to
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resolve the question to the desired accuracy. If one wishes
to know the effect a skill level change has upon totnlimnin-
tonance‘manhours per flying hour he needs to weight the _
samples by the number of hits from a éurrent S5-level simu-
lation run. If he wishes to know the effect upon average
presortie or postsortie preparation time, the same mnthqd
Qill work. However, if we wish to know the effect upon
maintenance manhours per flying hour per work center we
must use a stratified sampling method in conjunction with
the "hit matrix" from the 5-level simulation. For the last
problem group the work centers into two or more groups and

then uée a different multiplication factor for each.
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ANALYSIS AND RESULTS WITH LIMITED MANPONER

The Conatraining Process

The most important question remains, “what effect upon
mission accomplishment results from a reduction of airératt
maintenance personnel skill levels?" Up to this time there
has been no mention of a restriction upon the number of
personnel in the maintenance work centers. Indeed, the
assumption has been unlimited manning. This is, whenever
the simulation program called for miintenance personnel,
they were available. There were no queuing problems.

Tables lg through 17 will present the constrained

(limited manpower) data in the following way:

FIG. 8 SORTIES/AIR- WORK CENTER SKILL
TABLE SERIES CRAFT/DAY _  MMHPFH MAN/DEV.  LEVEL
12,14 A 2.2 37 210 5
13,14 B 1.8 49 274 3
15 c 1.8 49 274 3
16 D 1.8 49 274/0 3
17 E 1.8 51 274/0 3

This flow plan is the same as described in Figure 8 and used

for the unconstrained manpower modael,

67
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We will follow the same process to determine the con-
strained manning situation as we did in Chapter III with
the unlimited manning lituatiqn. Firat, we will limit the
manning available in the S5-level baseline simulation to
establish a constrained baseline. This is series At Then
we will limit the manning available to the 3-level bacclino
model which use 100 percent operational audit task time
data. This is series BT From here we will proceed with
averéqing, sampling and grouping techniques to determine
the feasibility of using a simplified technique to reproduce
the results of series B, As in Chapter III we will again
compare sorties/aircraft/day and MMHPFH but in addition we

must include a comparison of the manning package broken

.down by work centers.

This manning package is essential since we must be pre-
pared'to analyse the expected differences in mission accom-
plishment as a result of skill level changes. The expected
sortie rate and manpower deviation for each specialty are
of utmost importance to the decision maker in planning for.
various contingincies.

With limited manning the maintenance organization can
not achieve its maximum sortie rate. It is common practice
to use LCOM to determine the minimum manning package that

will allow achievement of 95 percent of the sortie rate that

"is possible with unlimited manning. As explained in the

LCOM manual, the available manning is limited in an
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iterative fashion until the minimum manning, by work center,
is determined. That is, the minimum manning that will pro-
duce the required results as defined in the desired scenario. .

In the case aof an F-4E model we initially reduce the man-
ning in each work center by reference to the matrix output
(see page 21, Figure 7 for an example matrix) for the appro- }
priate work. The objective is to assign a limited number of
personnel to each work center while still achieving a high
sortie rate. To achieve this the LCOM analyst observes how
many maintenance specialists were used in the unconstrained
simulation runs. The analyst further notes how often parti-
cular numbers of specialists were required for the subject
work center. The analyst then subjectively assign the number
of specialists to be available to that work center for the
following simulation run. While allowing some maintenance
tasks to be back ordered (that is, to wait until the required
specialist(s) is available) the overall effect should not
cause the loss of a significant number of sorties.

The analyst does the same type of analysis for each work
center to establish the initial constrained manning package
estimate. The simulation model is then rerun and the result
observed. The overall sortie rate and the manpower matrix
(now augmented by a manpower back order matrix) for each work
center are again analyzed.

Once again the LCOM analyst studies these simulation out-

puts and establishes a new manpower package. Thus the
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70
manpower package is progressively changed and fine tuned

until the analyst is convinced that the minimum manning has
been achieved for each work center.

This iterative approach to manpower constraining often
requires one or more man months to achieve. This constrain- 1
ing effort was separately performed upon our S-level and our
3-level models. If, for S-level, thia manning package is 210
people for a norm»l LCOM analysis (this is onlg the direct
labor force per shift for the work centers that are dis-
played ~ gee Table 12), can one now expect to get 75 percent

as many sorties accomplished in a given time period by using

210 3-~level maintenance personnel? The answer is no, even
assuming no safety or other problems to prevent‘the 3=level
maintenance personnel froﬁ performing any task. Due to the
additional queuing problems, since longer task times will
Create even ionger aircraft wait-for-service times, the
actual accomplishments well be far less than 95 percent of
the unconstrained 3-level situation.

Thus,;igz}ease the assigned manning or decrease our
expectations in terms of sortie rate achievement. See Table
13 for the results of this 3-level constraining effort.

One further area needs to be discussed. That is the
situation of minimum crew manning. Due to the numerous
different specialities in the Air Force maintenance organi-
zatlion, certain work centers do nct have enocugh work to keep

their personnel busy. These work centers still require a
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minimum crew to be on duty at all times during & maximum
sortie generation effort. However, the acﬁual workload in
these work centers can be varied greatly without affecting
the required manning. The work centers that have "minimum
crew size manning" are indicated in Tables 12 and 13.

However, from these tables it is clear that the minimum
manning package required to achieve 95 percent of the uncon-
strained 3-level accomplishment is far greater (274 manpower)
than that of the 5-level baseline situation (210 manpower).
It requires about 30 percent additional 3-level manning to
achieve 75 percent of the 5-level accomplishment. If we were
to constrain the 5-level manning to get the same achievement
as the maximum 3-level capability we would need only 160 5-
level personnel to accomplish the same sortie rate as infi-
nite 3-level personnel (see Table 14). To get these results
we constrain the 3-level baseline simulation to the point
where the loss of one more specialist in any work center will
result in less than the maximum sortie rate, The we con-
strain the 5-level baseline simulation model until we get
the same sortie rate ar the maximum 3-level effort.

We have developed a method whereby we can forecast the
expected effect, in terms of sortle rate, total maintenance
manhours, and total manning of a complete reduction of the
maintenance force skill level. Next we will tackle the

manning problem in terms of specialities (work centers).
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We now wish to determine whether sampling techniques
can be utilized to determine the manning levels for each
of the work centers. We will utilize the 3~level baseline, '
the weighted work center sampling model, the weighted and
grouped work center sampling model, and the TMULT = 1,35
model. These models are of interest bscause ﬁhey each pro-
duced the same sortie rate and total MMHPFH;

When we constrain the TMULT = 1.35 model we get the man-
ning results found in Table 15. Although the total MMHPFH
and sortie rates are similar to the results of the 3-level
baseline simulation, both the total manning and the
individual work centers show variations. Obviously, the use
of a TMULT technique'can be used for sortie rate and total
MMHPFH determination but not for precise manning analysis.

Let us next work with the weighted work center sampling
method. Constraining this model we get precisely the same
results as we got from the 3-level baseline model (see Table
16). That is, we:get the same manning package, the same
sortie rate, and the same total MMHPFH., Clearly then, use
of this technique will determine the effect of maintenance
skill level changes,

Let us now redefine our work centers in such a way as to
minimize the numbers of categories, and thus the number of
samples required for our desired accuracy, that will still
produce the same sortie rate, total MMHPFH, and manning

package, We know that grouping our work centers into one
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78
category will not work (this was our TMULT = 1.35 etfort),

80 let us proceed with two categories.

One simple method to group the work centers is to divide . ;
them into two cateéories as defined on rage 6l. All of the
work centers with weiqhted sample average task time
increases of less than 1.35 are multiplied by the common
factor 1.25. All those work centers with weighted sample
average task time increases greater than 1.35 are multiplied
by the common factor 1.50.

Constraining this model produces the results found in
Table 17. As can be seen in Table 17, this technique
produces the same manning package and sortie rate as the
3-level baseline simulation model. Therefore, this sampling
technique is an acceptable substitute that will give the
sortie rate and manning differences between 5-level and
3-level maintenance manning for the F-4E aircraft.

Qualifications and Limitations

This study has produced a method that can be utilized to

estimate the effect of a skill level change. The use of the

F-4E aircraft has been only an example. All work centers

were not included in the tables. Some were so small that

minimum manning was obviously sufficient. Phase inspection

- was not included since it was assumed that these tasks

ti would be deferred during the period of surge effort. Other
o unscheduled maintenance was not assumed to be deferrable.
;! - Only one type of missicn was utilized in this study but

1‘.
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80
— others could be incorporated without model changes. The

shift manning levels produced in this study are not presented

as the optimal situation but rather for comparison of S5-level

and 3-level oﬁtput potential‘under the simplified hypothe-
tical scenario described.

Although every work center and each work unit code (WUC)
task were included in the operational audit, the task times

that were developed are subjective opinions of maintenance

specialists and supervisors. These times represent the
hypothetical "average 5-level" and "average 3-level;" and 4o

not consider the additionél problems of extenuating circum-

stances. The standard deviation for all tasks is assumed to
be a constant percent of the mean task time. Weather,

!! B climate, enemy activity, spare parts shortage, Production

- Oriented Maintenance Organization, multiple aircraft types,
morale, deploément location, and posaibly other relevant

! factors have not been included in this study.

The time required for a 3-level maintenance specialist

to upgrade to a 5-level may change drastically in wgrtime due

. P A
. .J P
S . A )
R PP ]

to the accelerated rate of activity. This upgrade time may
:T also be highly work center related. The complexity
f; of the particular weapon system ur subsystem may greatly
é affect the relative productivity of a 5-level versus a
i. 3-level maintenance special.st.
o
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Summary of Simulation Analyuis

From the 5-~level baseline model, we have the uncon-
strained sortie rate accomplishment and related manning/ ‘
manhours. We also have the manning necessary to achieve 95 |
percent of the unconstrained sortie rateland the manning
required to achieve the same sortie rate as with the uncon-
strained baseline 3-level model. See Tablé; 12, 13, and 14
respectively.

From the 3-level baseline model, we have the uncon-
strained sortie rate and related manning/manhours. We also
have the manning required to achieve 95 percent of the
3-level baseline sortie rate.

For the TMULT (all maintenance tasks multiplied by a
common factor) effort that most closely duplicates the
3-level base;ine results, we have the unconstrained and
constrained results as well as the required manning
comparisons (see Table 15).

We also have results from individual work center sam-
pling and from grouped work center sampling efforte., For
each of these (see Tables 16 and 17), we have the same
information as for the other methods above.

The 3-level individual work center sampling, and grouped
work center sampling models requir2 the same manning in each
work center. Thus the sampling technique, whereby the work
centers are divided in two categories, will suffice to

estimate the effect of the skilil level differencs upon
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manning.

We have now considered the situation with all S-level or
with all 3-level maintenance. But it is more likely that we

shall have a maintenance situation that has some combination

of maintenance skillas., With the techniques that we have

developed we now address this problem. Chapter V is devoted

to an analysis of mixed skill levels and management policies.

s
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CHAPTER V R

5-LEVEL/3-LEVEL MIXTURE ANALYSIS

It is necessary to first define low maintenance per= . __
sonnel will be utilized. If we have half 5-level and half
3-level personnel doing the jobs, we could have maintenance
crews made up of all 5-level, all 3-level, or a combination
of each. From the operational audit interviews we learn
that, after initial checkout, generally the task times for
crews that include at least one S5-level are the same as for
crews that include all S-level personnel. We must define
our average maintenance crew skill level for the simulation
method that we are undertaking. If, for example, the pro-
bability that a maintenance crew for any particular task
will include at least one 5-level (or above) is 50%, then
the average performance level of the maintenance shop is
halfway between the 5 and 3 level.
}! The probability that a maintenance crew would include at
least one 5-level or above would be determined by the parti-
if cular maintenance mix available and the management decisions
ii that pertain to manpower useage. If, for the sake of
:; argument, we assume that one-fifth of the 3-level main-
tenance persénnel are in. need of training in any particular

83
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84
task, we must consider one-fifth of the tasks that are being

led by a 5-level or above will be performed at the 3-level
rate, With this information, and the assumption that all
maintenance will be done as quickly as possible, but
checkout of 3-level personnel will be performed whenaver
possible, we can now undertake the task of determining
mission accomplishment with any particular skill mix.

Table 18 illustrates the expected results when varying
this average performance level through the use of the TMULT
functions, from 5-level to approximately 75 percent 5-level
(TMULT = 1.1), to 50 percent 5-level (TMULT = 1.2), to all
3-~level. Any of the other techrniques for adjusting 5-level
tagsk times could also be adapted to reflect proportional
levels of 5-level versus 3-level task times.

Let us now further pursue the use of the simulation
models developed thus far. For example, management would
like to know the expected effect of using 75% 3~level main-
tenance personnel with no change in number assigned. Sup-
pose we learn from our operational audit sampling technique
that the average 3-level task time increase factor is 1.5.

For illustrative purposes first assume that all tasks
require two persons and no training is required. The pro-
bability that two 3i-level persons are dispatched for any
particular task is then approximately (.75)(.75) = .5625
assuming larée poputation. Thus, on the average, .5625

ot all tasks are performea at the 3-level task tinme
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rate and .4375 of Aall tasks are performed at the 5-level

speed. Therefore, we can use a TMULT factor of

(.4375) (1) + (.5625) (1.5) = 1.28 to estimate the

maximum accomplishment. However, if we use a different
maintenance crew personnel assignment policy we might
improve our accomplishment. If we assign one 5-level
specialist to each érew possible in this example, then one-
half of all crews will perform at the 5-level rate since
crew size is 2 and one fourth of all specialists are 5-level
We now assume that crews are dispatched r.ndomly for each
maintenance task, the probability that a crew of two 3~
levels is dispatched for any particular task is one half,.
Thus on the average, half of all tasks are performed at the
3-level task time rate and half ot all tasks are performed
at the 5-level speed. Therefore, we can use a TMULT factor
of (.5)(1) + (.5)(1.5) = 1.25 to estimate the maximum
expected accomplishment. This second policy improves
sortie accomplishment by approximately five percent
while decreasing MMHPFH by four percent (see Table 19).

To take our exampl2 a step further, in addition to crew
skill level makeup, we can choose when to dispatch main-
tenance crews that possess each task rate. If we were to
follow the policy that crews possessing the 5-level speed,
are to be dispatched whenever available we can further

increase sortie rate and reduce MMIPFH during a surge effort.
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TABLE 19 Comparisons of Staffing Policies
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From the matrix output for each specialty we can now
determine the probability of having an available crew pos-
sassing 5-level speed when a maintenance task must be per- !

formed. For this simplified example we have an available

crew possessing 5-level speed approximately 70 percent of

the time when a job arrives. Thus we can assign 70 percent

v - &

P
. MR TR IR A
N DAL

of all tasks to the faster crews. This results in an aver-

yoar s

age TMULT factor of .70(1) + .30(1.5) = 1.15. The results

A

of this policy are displayed in Table 19 along with the
overall percent change due to the third staffing policy
being implemented rather than the first (random) policy.

As can be seen in Table 19, the use of policy three

during a surge effort produces about a twelve percent im-
pfoved sortie rate. However, this policy cou.l delay

3-level upgrade and may have a negative effect for a large

run (protracted war scenario).

;: On the other hand if we were to dispatch crews with one
5-level and one 3-level specialist whenever possible, these
ey 3-level specialist would upgrade to the 5-level skill more

- ) quickly and would then be availabie to be reassigned, as

5-levels to : new Zrew with a lesser experienced 3-level

specialist.
R Each of the posgible policies and scenarios can be
i} analyzed with the models and techniques developed in this
% study. From ;ll this we can now address advanced scenarios

cf the following type:
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‘ l. We have 210 hands-on maintenance personnel per
shift, broken into specialities in a particular faahioni

2. We have 24 F-4E aircraft.

3. We have on hand inventory of some given amount.
Reorder leadtime is 30 days.

4. We will assume all weather capability (or all
weather will be compatible for our mission).

5. Currently 75% of all maintenance personnel are
3-level skill,

6. Check out time for 3-level personnel will not
affect results.

7. Upgrade to 5-level takes six months.

8. Attrition of personnel is 10 percent per month
of which half are 5-levels.

9. Replacement personnel arrive at the same rate
as attrites but are all unchecked out 3-levels.

10. Management policy is to defer phase inspection
during surge (first 30 days) portion of war.

l1. One, and only one, 5-level (or above) is
assigned to any maintenance task whenever possible.

Management would like to answer the following questions.

1. What are the expected sortie rate and MMHPFH
during surge (the initial 30 days of war)?

2. What are the expzcted tradeoffs of sortie rate

and number of personnel assigned?
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With this or any o.her particular scenario and simulation

we can develop tradeoff charts to compare different manage-
ment staffing policies. Figura 11 presents the tradeoff of

number of maintenance personnel versus sortie rate for each

of the three staffing policies we irave discussed when 75 per-

cent of the maintenance force is 3-level skill. For com=-
parison, this figure also presents the tradeoff curves whemu
all maintenance personnel possess 5-level or all possess
3-level.

Figure 12 presents the expected sortie rate when the
average skill level of the organization is varied while
holding the number of personnel constgnt at 210 and each of
the three staffing policies is used.

1f we were to generalize this method of analysis for an-
other field we would produce the management aids represented
by Figures 13 and 14. In Figure 13 we have number of per-
sonnel versus productivity. Each curve on this visual aid
represents one management policy or skill situation. 1In
Figure 14 we see the tradeoff between average skill'level
and productivity. Each curve would again represent a parti-
cular management personnei.policy. Thus management in many
areas can benefit from this type of policy comparison aid.

From all this we can see the expected gain in pro-
ductivity when we analyze various management statfing
policies and skill situations. Although the example pre-

sented hére is somewhat simple in that it assumes exactly
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two person per maintenance crew, the concept and the simu-

lation model are adaptable to meny situations.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS
Research Problem vs Method

The research problem was to determine a method that can
be used to determine the effect of a gkill level change upon

the sortie generation capability of a maintenance organi-

zation. The use of the operational audit technique and MDC

data along with current LCOM simulation models of operational
aircraft does provide such a method to analyze the expected
effects. This metﬁod of skill level productivity analysis
can readily be adapted tu other more general problems. Job
shops could be analysed in a similar fashion to determine

the effects of personnel turnover or which employees to

utilize for overtime work. Bank teller experience versus

the number of tellers required to meet given specifications,
airline maintenance and customer service systems, and air
traffic control work load are but a few of the related
situations that come immediately to mind as examples for
which a similar analysis may be performed. Indeea, this

type analysis lends itself to any nonrepetitive, large or high
volume multiple task situation where experience or skill

level affect individual task times.
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Accuracies Achieved

The accuracy of this method is decpendent upon many
factors. The skill of the interviewer, the knowledge and

experience of the maintenance personnel interviewed, and

the precision of the LCOM networking all affect the results.

The method of sampling and the number of samples can be
chosen for any degree of accuracy desired.

The sample sizes required for the desired accuracy for
any parameter of interest can quickly be calculated using

the techniques explained in the experimental design.

Further Study

This study was limited to the F-4E aircraft and the
numbers/factors calculated can only be applied to this
aircraft. However, the technique is general and can apply
to any aircraft system. It is alsc recommended that a
similar analysis be performed for several other aircraft
weapon systems and the results be compared to determine
similarities and/oxr common factors. It is further recom-
mended that a stratified sampling technique be utilized in
such a follow-on study in order to verify the categorizing
of work centers and resulting multiplication factors. The
following method is proposed for a follow=-on study:

1. Decide upon the weapon system to be modeled.
2. Decide the accuracy desired in terms of Type I

and Type II error.
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2. For aircraft with existing LCOM models, divide

work centers to he studie& into "small difference" and "large
difference" categories according to the Air Force Specialty
Codes as in Table 17. |

4. Draw task times samples until the number of
samples equals or exceeds the "n" from the formula

A= 35,

a X
as defined on page 41l.

5. Test the power of the test as described on page
42,

6. Increase "n" as necessary to meet both restric-
tions.

7. For aircraft weapon systems without current LCOM
models perform the complete operational audit to include
both 5-~level ‘and 3-level task times.

8. Network the simulation model as necessary.

Eﬁ 9. In either case run the model with 5-level data
?f and with 3-level data (either individual task times or

E; grouped and weighted factor multiplication) utilizing the
Eé source operations scenario.

;f 10. Run sufficient simulation time to achieve the
Ei accuracy desired (the same method as above will determine
- the run time nocessary).

?f 11. Analyze the results and report findings.
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Use of LCOM

The development of LCOM required more than one hundred
man years of effort and several civilian companies as well
as Air Force resources. The flexibility and detail available
in this programming framework make it ideal for the type of
study represented by this research.

LCOM certainly is a feasible tool which, with all due
caution, can be used for many varied study efforts and
research problems. The use of the operational audit tech-
nique and MDC data also deserve serious cousideration for
future use.

Adaptation to Other Current Studies

During the ~curse of this study the research became
aware of several other on~going studies that might benefit
from the techniques developed in this study. For example,

a research firm is studying the effect upon aircraft turn

time (servicing time) and sortie generation capabilities

when maintenance personnel must wear chemical cefense equip-

b
[" -
o
|
g

v
Ve
Li':

ment. If one were to consider normal maintenance (the

o
a.

5-level baseline model utilized in this study) and degraded

T T
Lo

(handicapped by wearing chemical defense equipment) main-
g tenance capabilities, the task times determined through
direct measurement during practice situations or thorugh an

operational audit technique, the same simulation technique

A rmETTE Two e e
I
&

could be utilized to answer nearly all "what if" questions,

It is recommended that the technique develcped in this study
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' be adapted to on-going studies such as the above.

Research Accomplishments

As stated earlier, about 60 percent of the total defense
budget of the United States goes to pay for defense per-
sonnel. Of the defense manning about 35 percent relate to
aircraft maintenance personnel. This study develops an
approach to assess the effect of skill level and number of
personnel upon expected mission accomplishiment. The use of
the techniques developed in this study can result in savings
in terms of manpower and management personnel policies. The
sampling technique described in this study can save money
and time. By using this sampling technique the required
computer time is reduced'to approximately one quarter of
that previously required for similar studies and three to

six man months of data collection and analysis time are saved.
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MAINTENANCE EXPERILNCE DATA (AFM 66-1)

$=1. "URPOSE. The purpote af this chaptes 1 w
outline the Maintenance Liata Colleetion (MDC)
syatem established by . \FR 6-14 and AF)M 661,
The MDC 13 the primary sautce for Air Force
toliability and maintainability data; therefore, dasie
understanding of its objectiver, uses, and limitations
is essential to R & M data users.

$-2. ODJECTIVES. The Mawntrnanee wata Collec.
tion aystem was designed primarily as n base level
produrtion credit and management information sys.
tem. The ohjectives are to provide maintenance
wanagers with information atout the production
scconplished by the assigned maintenance per-
sonnel; and to lentily the equipment an whieh
work was accomplished, why the work was required,
and the action required to eminplete the job, The
MDC aystern identifies maintenanee requirements
snd problem arcas so that appropriate management
action can he taken to effectively support and mest
the established operatinnal requiremenis. In addi-
tion, the MDC system is designed to provide data
to AFLC for maintenance enpineering and logistics
management. Selected data is alse provided to the
major commands and HQ USAF {n accordance with
AFMas 66-267 and G6-271.

$J. SCOPrF. Ths MDC sy-tem iy applicable to Wi}
functions outlined 1n AFM 66-1, and requires that
all maintenance actinng invelving diceet Jabor ex.
penditures be recorded and reported In this system
anless exermpted by TO ON-U0-2. The system is ap-
plicable ta tre life eyclie of aircraft. missiles, pronng
conimunieations, electroniey, and  meteorological
equipment, and rvelated end items beginning with
operatiornal test and evaluation a8 deseribed in MFR
R0-14. This includes compatibic data reporting on
contractor maintained equipment and maintenance
accomplished in depot facilitiea,

-4 DOCUMENTATION CONCEPY. The AFTO
Forms 116, 249, and 350 are used asx source docu-
t.ents for the maintenance data collection system.

a. Recording Concept procedures are divided into
tvo basic categeries identified ns on-equipment and
ofl-equipment maintenance documentation.

(1) Maintenance actions accomplished on com-
plete end ltems of equipment (aireraft, missiley,
removed engines. ground communicatinns electranics-
meteoralagical (CEM), trainees, Arroapsce Greund
Fauipment {AGFE) and nuclear weapons) are wente:
fied 2% on-equipment work. lhis primariy consists
of support general tasks, inspectinny, removal and
replacement of comporents, fix-in-place maintenance
actions, and modifitations.

(2) In shop maintenance artinny involving inters
nediate level maintenance an removed eampanenty
lo identified an off-equipment noiirtenance.  This
primarily consists ol baneh check, repair or medifica-
tion of components and asseniblicy, and nondcetrue-

(3) If maintenance is done on compunents that
are removed or removed and replaced to facilitate
maintenance in the same toom or one immediately
adjacent to the end item; this Is recorded as on-
equipment maintenance. If the individual *hat rve-
moved the camponent has to leave the inunediate
arca (defined as out-of-cight), an AFTO Form 330
will be prepared to identify the status of the pe-
moved companent. In this regard, when personnel
from nne workeenter remove an item and aend it to
peraonnel  with a different workcenler code for
naintenance, the latter workcenter will recerd it as
oif-equipment raintepance.

(4) Due to management requirements, unique
procedurcs exist Yor engines. All maintenance ae-
complished an gas turbine and reciprocating engines
installed in awreraft, missiles, or AGE will be
tccorded as on-cquipment maintenance, Removal and
replacement of gas turhine nnd reciprocating engines
for aircraft, misciles, or AGE will be recorded as
on-equipment maintenance with the engine treated
as a compnnent. Shop wotk on all removed gas tur-
hine engincs and aircraft reciprocating engines will
be treated as end item maintenance with on-equip-
ment and ofl.cquipment recording concepts appiying,
(TO 00-20-2-4). Shop wark an reciprocating en-
gines reinnved (romn AGE will be treated as coin-
ponent anaintenance and the off-equipment mainte-
nance concept will apply. :

(8) Each workcenter participating in a jeb will
recor:dd maintenance actions and labor expenditures.
The ducumentation reaponeibilitly rests with the
senior represantative fram the workcenter. These
dacuments will be returned to the workeenter super-
visor whn will ehrek for accurncy and completeness
prior to aubmission for processing.

b. Data Forms:

(1) Use of the AFTO Form 349. The AFTO
Form 348, "Mnaintenance Data Collection Record.”
was designed with sufficient flexibility for use by the
majority of organizations in recarding maintenance
actions on varinus types of equipment. Recording
and. data eonllection pracedures pertaining to this

form are outlined in the 00-20-2-series technical
ordera.

(a) For on.equipment work the primary
entries reauired on the AFTO Form 319 are block |
tJob Countral Number), block 2 {Warkeenter). bloek
3 (1D Number), block & (Time, as appheadle), and
columne I through K. For in-shop cngine werk,
primary entriey are required in blocks 1t and 2,
black 4 (Fngine 1D) and in columns B through K.
For otf.cquipment work on removed componsits,
prunary entrics are reguired in blocky 1, 2, und
bloek 3 or 5; block 19 (¥Federal Rupplv Claae
(F8C1), block 20 (Part Number), and columns 8
through K.

L Up to five relaten on-equipment majnies
nanes nctiong ecovered by a single Job control nuniber
ugainst o single 11 number, nod aecompliohed by a

L. tive lanection. lln.l. workcenter may be '.voﬂ.‘ on 8 .lﬂ". copy
.

.

: Copy avoilable to DTIC dces' not
$ pemmit fully legible reproduction
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of the AFTO Form 319. It more action liney are
required, anuthee AFTO Form 8492 containing the
sane job eontrol numbier, [1) nurber and wourkeenter
cndle {s completed and the artywna continued. This
recording pruendure ulse apphces te off-equipment
actions; Foweser, on-equigment and otf-equipment
actions will not ha comtnned on a single copy of the
AFTO Form 349. The fuur items cunld be repocted
by s single line entry if the jub control munber, work

" unit, action taken, how mallunctioned and when

dlascovered:-codes ure all the sime and a unit count
of four is entered. Similarly the AFTO Forms 350
prepared for shep processing of the four black boves
may reflect a quantity of more than one only if the
Job euntrol number, work unit code, federal supply
class and part number are the sume. If these ele-
ments are diffcrent, a scparute AFTO Form 350
muat be prepared for each item. Serizl! + eontrolled
and time change itepis (with an asterisk o the work
unit code manual) nmust be recorded on an individual
basis, (for exumple, only ane item per AFTO Forins
349 and 350).

(¢) The AFTO Form 319 cun bte used for
fdentification of both the end item of equipment and
a component for engine change actions, for weapon
systems and equipnient that are managed under the
Advanced Configuration  Muanagement  System
(ACMS), for tine change items, {or special report-
ing on tires, and for reporting off-equipment mainte-
nance uctions ,

(2) Use of the AFTO Forin 350. The AFTO
Form 350, “Reparable Itemn Processing Tag," is a
two-part perforated form that is attached to com-
penents that are removed from equipment end items
and serves as an identification and status tag. An.
other important aspect of this form is that it serves
as a source document tertaining to Repaired This
Stution (RTS), Not Repaired This Station (NRTS),
and condemnation act:ons for the supply system.
This Information is input to the base supply com-
puter to identily stockage reguirements, Inforinution
pertaining to NTS, NRTS, and condeninations is alse
forwarded through the supply system to AFLC as
factors for computing the world.wide spares re-
quirements. Recording procedures for tpe AFTO
Form 350 are outlined in the 00-20-2-serics technicul
orders.

(3) Ure of the AFTU Form 346, “Maintenance
Data Collection Praduction and Scheduling Record.™
The AFTO PForin 316 is used for scheduling the
ealibration of Precision Measuring  Eguipment
(PME) and for recording all muintenance on preci-
sion meusurermnent equipment for input to the MDC
systeni. The AFTO Furm 316 may also bLe used
for scheduling calendar maintenance requirements
on any equipment within the maintenance complex,
Note that this pertains only to calendar require-
ments. Scheduling procedures pertaini’ g te the
AFTO Form 346 are outlined in AFR 46267, Main-
tenance cecording procedures for the AFTO Form
346 on PME are outlined in 'TQO 00-20-10-6

¢. Data Elements:

(1) Jeb Control Number (JCN). The JCN
onsists of seven characters, the first three are the
wllan dute and the lust four are a unique job number
fur that dute. This provides a mrans tu tie together
all on. and off-equipment actions tuhen, man-hours

112

expended, and parts eonsumed to satiafy a mainte.
nance requiremaent whether it be a diserepancy, an
imspection, or o TUTO, Every action taken that is
reloted to a jub, regardicas of workecnter, time or
place, will carey the same jub control number that
wirs originally assigned to the job, This procedure
i nucessary t9 permut control of all related actions,
and 1o provide the capability te tie thum together in
data systems to identify the totul job for analvais
purposes, .

(2) Workcenter (nde. The workcenter code
consists of five characters that identify nrganisa-
tional elements to which muintenance personnel are
assigned, or locations to which they may bo dia-
patehed. Standard workeenter codes are used by all
organizations enguged in the maintenance functions
outlined in AFM 66~1. [n general, the cude entered
in the workcenter hlock of tha AFTO Form 349
indicutes the workcenter ¢f the individual doing the
work and not necessarily waere the work is accom-
plished, .

(3) ldentification (ID) Number. The ID num-
ber cunsists of six characters, and is used to identify
equipinent on which work was performed or frum
which an item was removed. The first character of
the 1D number is the Giyst character of the owning
workcenter code, The second character of the ID
number is the first character (prefix) of the equip-
mient classification code such 13 A for aireraft, B
for fGround Rudur or M for Ground launched
Missiles (AFM 3004, ADE MA-156-X1). The last
four characters of the {D - umber normully are the
last four positions of the ¢ uipment serial nunber.
Detailed proecdures (or assigning 1D numbers are
contiained in AFM 66-267.

(1) Equipment Classiication Code, The ejuip-
ment classitication code consists of three characters,
and is assigned to identify aircraft, missiles, ground
conununications, electronics, and rneteotological
equipment, AGE, trainers, engines, ground lavnched
missile real propevty installed ¢ uipment, munitions,
and precision measurement equipment, Codes are
alsu assipned for research aund development and
shop work. Most of the equipment classification
codes-are assigned to specific equipment such as
LGM-30B missiles. Some of the codes are assipned
by eategory of equipment or work such as non.
registered AGE and shojp wark that is not identitied
tu a weapon or support system. The authorized
evquipment classification codes are contained in 10
00-20-2. .

(6) Type Mnintenance Code. The type mainte-
niice code cunsists of ane character and is used to
identify the type af work that was accomplished
such ag scheduled or unschedulwl mainteaance. Type
maintenance codes are listed in each work unit code
manual for individual types of equipment. A com.
plete list of authorized type maintenance codey is
contained in AFM 300-{, volume XI.

(6) Work Unit Code. The work unit cvde con-
sisty of five characters, and 19 used to identify the
system, subsystem, and component on which mainte-
nance i3 required or on which maintenance was ac-
complished. These codes are published in work unit
code manuals for each weapon and support system
and in code munuals hy type ef equipment for se-
lected ground CEM, iruiners, AGE, munitions, PME,




mime e, e e T e TSN T T,V T
-

e e
R T L T

. - -
Cat e Mante T -

and shop work, A lmited number of work unit emles
are assigned in a special eatewory Yo identify tashs of
s general pature such as equipmient servicing, clenn
ing, inspection, storage pround salety, reenrd keep.
{ng., weapons handiing, and repetitive shop lacks,
Although they are work nnit endes, they aie identi-
fied as "'Support Generral Coulez.”” The first tv.o posi.
tions of the work unit codes for aircraft, ground
radar, and missiles nre standard system codes. They
identify functional systemz such as flight contral
system, codes anteana system, or launch control sys-
tem. The first two pasitinns of the work unit codes
for support equipment identify types of equipment,
such as ground powernd penerators, or end items
of equipment, such as a trainer. The first pasition of
support general codes hegin with a zern; and this is
standard in all work unit code manuals. The third
and fourlh pozilions of the work unit ende identify
subsystem or major assembly. The fifth pnsition of
the work unit code normally identifiss renurable
items,

(7) Units Completed. The work unit code in
combination with an action taken code s used to
describe a “unit of wark.,” An entry of ane or more
units completed must alsn be made in the UNITS
block of the data ¢ollection form in order to show
a completed action. An example nf n unit of work
would be a work unit cade fur an antenna, with an
sction taken code (nr removed and replaced, and a
unit count of one, for exampls, one antenna removed
and replaced. By using additional cadeg to identifly
ths cad itom, the type of mainteninee being aceoms
plished, when the maintenanee requirement wazs dise
covered, haw the itemn analfunctioned, and the time
expended in accomplishing the wark, and the produe-
tion credit system also pravides information essential
for muintenance and matericl managrment.,

(8) Action Taken Code. The actian taken ende
consists of ene character used to identify the mainte:
nance action that was taken, such as remove and
replace. Action taken codes are standard f(or all
equipment ond are listed in all work unit code
manuals, A complete list of authorized nction taken
codes is contained in A FM 2004, volume X1

(9) When Discoverea Code, The wlhien discovered
code consists of one character and is used to identify
when a defect or maintenanree requitement was dis-
covered, such as during a quality control inspection,
When discovered cndrs arc listed in each work unit
code manual for individual types of equipment. A
complete list of authorized when diserovered codes is
contained in AFM W00 4, velume XL Only that per-
tion of the when discovered codre definition that ap-
plies to equipment listed in the work unit ende
manual {8 to e usrd, For example, when diceosered
code D, In-Flight-No Abort/During AGE Operation,
would be listed in the AGI work unit cotte manual
83 D, During AGE QOperation.

(10) How Malfunetionrd Cnde, The how mal-
functioned code consists of three chnracters and is
used ta identify haw the cquipment malfunctianed,
such ns ecacied. Ta provids moaximum utility, thesn
codes pro also used to identify time compliance Lreh-
nical order atatus tequarements, or to show that a
maintenance uctinn (hd not result from a defrct. A
complete list of autharized how wmalfunctioned codes
ls contained in AFM 3004, voiume XI, in both
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alphabetieal (definition) amd numerical (ende) se.
auenee, Only thosa how malfunctioned codes that are

. applieable will be listed in earh work unit core

manual, For example, how malfunctioned codes ap-
plicable only to a selid rorket minsile will not be
listed in 8 ground CEM work unit code mamnl.‘

Nate: Due to the nature of support (ype work,
the recording of action taken, when discosered,
and how mallunctioned codes is not required
with support general work unit codes,

9-5. The fureguing paragraphs of this echapter de-
scribe the MDCS objectives and repoarting concept as
related to ‘tha hase maintenanes ‘environment. In
order to provide AFLC data on maintenance events
ag they occur worldwide, most of the data docu-
meuted at AF bases under the TO 00-20-2 terics are
submitted to 1HQ) AFLC for use in logistic support
and related enpinecring decisions. These data are
received and processed eentrally at HQ AFLC in the
DOSE Product Terformance System. This data sys-
tem not only reecives and autput reporis containing
Reliabitity and Maintainability (R asnd M) factlors
within ' its established comnputer prograins but aleo
scrvices other interfacing data syrlems with source
data, Sema of the interfaring data systems algo out-
put reports contnining R and M factors individually
uninue to their established computer program con-
trols, Figures 91 through 9<18 illustrate the data
Now from paint ol arigin through the DO36 majer
svstem procesacs and o other interfacing sysiems
swhich are drivin by the same source data. The fol.
loswing pages of this chapter explain some of the
eriny uked in the DO and sampies of output
‘eports containing R and M faclors; lowever, for a
tull undarstanding of system eapabilitics refer to
AFLCM 66-15 and 171-45,

9. Definitions of R and M parameters and terms
used in the DOSK data system:

a. Type How Malfunctioned Codes.

(1) Type 1—These eodes indicate that the item
no longer can meet the minimum eperified perform-
ance requirement due to its own nlernal failure
pattern,

(2) Type 2—These codes fndicate that the item
can no longer ment the specified performance re-
quirement due to some indured condition and not
duc to its own internal failure pattern.

(3) Type G—These codex fndicate maintenance
resaurces were expended due to policy, modifieatinng,
itrmig lacation, cannibalization and other no defeet
conditionn existing nt the time maintenance was
accemplished.

Y. Failure necurrences. The computer definition of
a fnilure occurience related to a Work Unit Code s
"any Twvpe 1 How Malfunclioned code reported in
comhination with an nction taken indicating repair,
1djustment or item replacement and one or more
inite produred. '

c. Quantity per Application (QIPA). Thin Is the
wantity of identical installed Htems on a single unit
f equipiment that are reportable under the sams
work unit code,

Copy available to DTIC does‘ not
pemnit fully legible rcploduction
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MAINTENANCE DATA COLLECTION SYSTEM
HEPORTING AT AF BASES

"OFE"_DQUIRVENT.

Jorrective and Prcventive
Matutenance Accomplisbhed in
Repair Shops on Items lemove.
From Alrcraft or Equipment’
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.5 (Base Datu Automation " [Encoded oo AFTO Form 349
or Corputer Processing|” i

~— ] ’[I:o_cal Management Reports|
Preformatted Data
[For AFLC — Special Study Reports
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AFIL DOS6 WEEKLY COUFUTER PROCESSZS
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S

Sclected Data

Retrieval for
Special Studies

2750 AF WG Computer
Data From AF Bases 1 Operstions Branch (HQ AFLC)
Dota Systen File
Meintenance
Audit of Data Recelved | N\
From AF Bases , \

Feedback to MAJCOUs
o Data Receipta

LSQurce Data Pasized to Irterfacing Systems

hagns |

Tire Reliabilfty
Evaluation System
(oonta)

Ground Processing
Bystew For. C-SA
(ocama)

——ry

16M-25 and 1QL-30
Data To Space amd

Misatle Systems Org.
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Advaanced Configuration
Management System M
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USAF Securiiy Service

L
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i

Managewent Systen AF Commmunication

Service

Engine Corfiguration

Managenent System Aerospace Defense Con

Commodity Configuration

Military Airlift Cow
Management System

Figure 3-2
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e Source Data to Interfacing Systemsf Data From Interfacing Systems
"y (L X SNV 7 PO AP o e Y {
~‘~. ) }
o Logistic Cost Rarking System : Part Number to Stock Number
L Operating at Sacramento ALC l Identification, Unit Price and
' : g { A¥ gt Activity From Federal
N Flight Safety Prediclion Technique) Cataloging System
S Operating at San Antonio ALC 5 | —— -
n . tJe] Identification of the Item
o Analytical Intervel Letermination [} | Munager Techniclan and Division
ii For Depot Level Maintenzace Within the AFLC Air Materiel Aread
%} Department of Defense Contractors [ | | Flying Hours, Inventory, Sorties
X - and Landing Froa the Alrcralt
o Status Reporting Systen
2 Accident, Incident and
_‘_ bnergency Unsalisfactory
- Materiel Report Data From the
o AFLC AF Materiel Safety Gffice
".-": \ . —
l D056 Output Reports
ii D056 Data System Evaluation Reports
7; Reports Designed for Evaluation of Hardware
o and Maintenance Perforuance Related to
9 Individual Veapons and Equiprment
N Reports Designed for Evaluation of Hardware
o and Maintenance Purformance Related to
) Recoverable Items
| Precision Measurcmant Equipment
o Calibration Interval Analysis
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d. Use Faetor (K,)). This is a ratio of actu.al wie
time of individual Work Unit Cades to fiying hours,

e. Mean Timne
(MTBY).

MTBF =

Belween  Failure

Occurrence

End ltem Opornlmz Time® x K, x QPA
Quantity of Famiures
*End item operating time is deiermined ae ¢!
,dows:
For alrcraft—actlive aircraft inventory fiyine
time from AFM 63110,

For other equlpmcnl-—:\cli\'e inventory Nying

time from AFM 635-110.
f. Mean Time Between Malnlenance Occurrence
(MTBM),

MTBM = End ltem L)pcrat_i_g_g_:rime‘ x__Q_PA
Quantity of Data Maintenance Occurronces®

*All types of actions described in paragraph
9-6a.

K. Action Limit (AL). This 18 a form of faiure
limit expressed in MTHF (hours) and used in the
computer program to compare current failure rates
with past history for the same item,

h. Failure Limit. This is the ncceptable quantity
of failurex of an item for a 30-day period. 1t is as-
signed by the system manager and used in the com-
puter program to compare current perlod failures
with past history for the same item.

9-1. D036 OUTPUT REIPORTS. Seleeted repoces cuns
teining R and M related data nre identified nnd brislly
descrited in the following subparagraphs.

a. Sclected Work Unit Conde. Control ldentifier,
RCS: LOG-MMOCAR)TIOA  Thix repnrt provides
summarized information on Wark Unit Codrs within
a weapon for the current ropoarting period that
brecched either the Action Limit or Failure Limit;
had Fmergency Unsatisfactory Materiel Reporting;
were high man-hour consumers or were hiph corro.
sion repair man-hour consumers, This report is used
8s a management reference to identify items that
may warrant detail study and evaluation, Sample
report Figure 9-4.

b. Detail Maintenance Actions for Srlected Work
Unit Codes, RCS: LOG-MMO(AR)TI6T, This report
provides one to twelve months of “on' equipment in-
formation on Work Unit Codes within a weapon for
detail studies, It iz gvailable only on special inquiry
and can be limited in data presentation by selective
retrieval options. (Sample Report Fig. 9-5.)

e. Detail Shop Actinns for Selected Work  Unit
Codes, RCS: LOG-MMO(ARITINE. Thie report it a
companion report to paragraph 9-7h and provides
detail information from supporting repair shops on
reparable items remnved from a wenpon. It alse
displays parts replaced during shop repair. (Saniple
Report Fig. 9-6.)

d. Summarized Maintenance Actions lor Sclected
Work Unit Codes: RCS: LOG-MMO(AR)ITIGY, This
report provides the same type of information as
deseribed in paragraphs 2-7h and ¢ but with lrsver
detail. It lo produced when the Action or Fnilure
Lbnst Is breeched and alzo by special inquiry using

~ e i DS P P St i)
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;nl;ctive tetrieval routines, (Sample Report Fig.
-1)

e, Maintenance Actions, Man-haurs and Aborls by
Work Unit Code, RCN: LOG-MMO(AR)III0, T!is
reporl peovides six manths of selected information
by wonth on every repartable Work Unit Code as-
signed to a particular weapon or equipment. This
information includes aborls, failures, maintenance
sctions, MTRF, MTRM and man-hours. Both “on"
and "ofl" equnpment data are considered for display
in this repnrt (except for some typss ol AGE,
trainers and munitions). (Sample Report Fig. 9-8.)

f. Aborts and Degraded Alerts, RCS: LOG-
MMOAR)TITL. This report provides current month

detail information an Wark Uniy Codes and part -

numbers causing abarts, mission failures snd de.
graded alerts. For ground equipment, this report
identifies itema causing equipment downtime. {Sam-
ple Report Fig. 9-9.)

g. Materic] Salety Deficiency Report, RCS: LOG~
MMO(M)7178. ‘This repart provides twelve months
of sclected information for Work tnit Codes appli-
cable to a Mixsion DNexign Series aircraft that have
been reported as contribuling to an accident or
incident or have been the subject of an FEmergency
Unsatisfactory Materiel Report, Any of the above
cvents having occurrcd within the past twelve
months and recorded in the DOSG aystem, drives the
computer o display (failure rate, trcndmg and
prediclive maintenance expericnce data in this report
as well as the quantily of hazard conditions reporied.
(Sample Report Fig. 9-19,)

h, Wark Unit Code Corrosion Summary, RCS:
LOG-MMOCARNT, This report provides three
months of information on a weapon or equipment
identifying Work Unit Codes, number of units, man-
hours and labor cost lor corrective maintenance due
to corrnsion. The 25 Work Unit Codes incurring the
highest corrosion repalr cost are rank ordered and
displayed separately in the report for ease of identifi-
cation. (Sample Report Fig. 9-11.)

i. System, Subsysiem Corrnsion Summary, RCS:
LOG-MMO(AR)T180. This report is produced as a
comparisan repart to h above using the same three
moanths of corrasion repair data exeept that the in.
formation is summarized to system/subsystem level
and base location. (Sample Report Fig. 9~12.

j. System, Suhsystem, Woik Unit Code Faillure
Summary, RCS: LOG-MMO(AR)I81. This report
provides twelve months of information related to
current quarter experience for systems, aelected sub-
systems and Work Unit Codes on an aircraft. The
data displayerl is rank ordered by system, subsystem
within system and Work Unit Code within subsystem
bazed on the quantity of failures incurred, Informa.
tion displayed includes the quantity of failures,
MTRBF, and n rntio of current quarter to the last
tuclve months experience. (Sample Report Fig.
9-13.) .

k. Failure Rate Daia for Selecied Work Ualt
Cades, RUS: LOG-MMO(AR)ITIREL This report pro-
videa twelve montha of information quarterly when
the Action Limit le bragched and aleo by special in-

Copy available to DTIC doos not
pemnit fully legible reproduction




quiry vaing aelective retrieval routines. Information
displayed include s current quarter, previous quarter
snd 12-mivnth MTBY, quarter to 12 munth ratio and
data groupings by when dizcovered, activn taken, how
malfunctioned and bass locaution, (Sample Report
?“'o "'1‘»)

1. Maintensncs Manshours per Flylng Hour by
Weapon, Conunand and  Nystem, RCS: LOG-
MMOCAR)?IBS. This report provides 12 monihs of
infonination updawd yuarterly. The data displayed
and the related computations are as indicated in the
report title. {Sample Repurt Fig. 9-15.)

m. Maintainability Reliabilay Summary, RCS:
LOG-MMO(AR)I220. This special inquiry rpeport
provides 12 months of Infennation o Work Unit
Codes within an aireraft. Information displayed in.
¢ludes failure, maintenanece action, ahort and man-
hour rates as well as the mest predominate
wmallunction modes. {Sample Report Fig. 9--16.)

n. Selected Part Numbher Action Summary, KRCS:
1OC-MMO(AR)YTISS,  ‘his  report  provides 32
months of infurination on a recoverable line item of
supply (part number worldwide) regardless of its

118

inwalled use environment. It Is produced when the
computed failuee limit for an item (Federsl Stock

- Number) is breeched and alse by apecial lnguiry.

The information dieplayed docs nat peflect mainte-
nance requited while installed in & weapon or eyuip.
ment. 1t i limited to “off" equipment (ahop and
depot) repairs, (Sumple report Fig. #=17.)

o. Malutenance Actions fur Selected FUN Nume
hers, RCS: LOG-MMO(AR)TI89, This report pro-
vides six months of “oll"* equipment (shop and depot
repair) information on a recoverable jtem. Informa-
tion displayed includes quantities of maintenance
actions, malfunction modes, and base location. It ls
produced when the computed failure liniit for an
item (Federal Stock Number) is breeched and also
by special inquiry.

p. Party Replaced During Field or Depol Repair,
RCS: LOG-MMO(AR)II0. ‘This report is produced
on the same criteria b3 above displaying aix months
of parts replaced during repair of items identified
in the RCS: LOG-MMO(AR)T189, Information also
displays quantity and reasen for replacement. (Sam-
ple report Mig, 9-18.)
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APPENDIX B

The Operational Audit Technique

= When there are task times and frequencies that can not
:. be attained using other techniques, these estimates are

;i based on the combined experience and background of the

; manpower management technician, the specialist, and super-

visory personnel. Estimates are made at the highest level

of activity that gives confidence in the validity of the
eatimate and requires the continunus use of defined work

crews and equipment. Air Force Regulation 25-5, Volume II

describes this method of work study.

It should be emphasized that other methods, work mea-
surement or work sampling, are recommended whenever fea-
sible. In some instances these traditional techniques
provide back up and/or bias checks. Some of the tasks
included in this study have been SuijCted to work study
and to resultant times for these tasks were compared to
the estimates provided by specialists. As discussed

earlier (see page 25), either method produced nearly iden-
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tical task time estimates.
In the conduct of these interviews it was necessary to
assess the specialist and his degree of understanding of

the research requirement and ability to give "average" task
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times. In some cases it was nccossary to estimate shortest
and longest times for a given task and then obtain an
opinion as to whether most such tasks tend toward the high
or low. However, this researcher found that each specialist
quickly grasped the concept and provided realistic esti-

mates whenever his/her experience included the particular

task.

Although a completely "standard" survey form or technique

was not posaible due to the differences in background, know-
ledge and perception, the general technique illustrated by
the example in this appendix was used with each interviewes.
Each specialist was either contacted by the researcher
initially or asked by his supervisor to help the researcher
determine maintenance task times.

Due to the various conditions under which maintenance
is performed and the wide variety of maintenance activities
and experience this researcher does not recommend that a
standard survey form or approach be developed. Current

analysts working in this area have operations, maintenance,

manpower, or engineering backgrounds. Most have a combina-
. tion of them, and all are trainad thoroughly before con-
: ducting the interviews. Also the analyst who conducts the
'@ operations audit is involved in all other phases of the
‘ study.
i This anal}st does recommend that further research be
'@ conducted to determine the number of duplicate interviews
5
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that are required to determine the variance of task time
estimates, By duplicating the interviews, problems of bias
or random error may be detectrd that were heretofore unknown.

For this study operational audits were conducted at
Seymour Johnson Air Force Base during several visits during
1979, From the work unit code manual for the selected ex-
ample aircraft each maintenance specialist identified all
tasks for which his/her specialty is responsible. Each task
was identified for the type of work (remove and replace,
repair on aircraft, troubleshoot, inspect and verify, etc.)
required when a write up (discrepancy) has occurred. The
specialist was then asked to estimats the time required to
complete each task when the work 1s performed by (1) S5-level
and then (2) 3-level maintenance personnel. Maintenance
crew size, rework probabilities, satety and other related
information was also requested from each specialist.

Operational audit interviews were conducted with two or
more specialist for each specialty. Usually, the shop chief
or the most experienced non-commissioned officer (NCO) was
interviewed first. Then some of the experienced specialists
were interviewed in order to verify the task times. 1In all,
nearly fifty specialist were interviewed during the opera-
tional audit process. All interviews took place in the main-
tenance shops or on the flight line.

Specialists were generally willing, even anxious, to be

interviewed. When the proper rapport had been established
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the interviewees seem intent upon giving good (realistic)
estimates for the task times in their specialty. They often
seemed glad that someone was taking an interest. '

The transcript of one of these interviews is inclﬁded
here as an example o. the technique that was used to collect
the task times for this research.

The following is the transcript of an interview by
Captain Larry Howell with Master Sergeant Widumus who is.
Non-Commissioned Officer in Charge (NCOIC) of the Fire
Control and Radar Section for F-4E aircraft at Seymour
Johnson Air Force Base, North Carolina.

The interview was one of many conducted during June
1979 in support of a skill level effort study being con-
ducted by Captain Howell.

H Hi., I'm Captain Larry Howell., I'm from Wright-
Patterson Air Force Base and I'm here in connection

with a study that seeks to determine the differences in

-
b
5

aircraft maintenance performed by 3-level maintenance

specialists as opposed to 5 or 7 level repairmen. One

B & e s an e Ly
T v
[ TR

of our primary tools is a computer simulation model

-
it

which we use to estimate sortie generation capability
of a given maintenance operatinn.

The output of our model looks like this . . .

. TEERTLANTO T

Some of the required inputs include the tesk times for

each individual maintenance task and the probability or

% & s e

s A .

likeliness that the task will have to be reworked.
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I need your help to go through the work unit code manual

and determine all the tasks for which your sh.p is
responsible, and your estimate of the time required for
a 3, 5 or 7 level technician to perform the work.

Which AFSCs (Air Force Specialty Codes) do you have in
your shop?

All the 321s,

Which areas in the work unit code manual are you
responsible for?

We handle the 74s.

Okay. Let's go through the manual and talk about each
job. If you would read the five digit work unit codes
and tell me what kind of job you do on each, whether
it's a repair on the aircraft, remove and replace,
troubleshoot, access or whatever. Then give me the
time you think it would take an average 5-level and the
average 3-level to do the job.

Well, some of our 3-levels aren't checked out yet so
they can't do some of the jobs without help.

Okay, we'll have to assume that we are talking about
3-levels who are checked out, but are not ready to
become 5-levels yet. How long does it take for a new
3-level to become a 5-level?

It usually takes about a year; some a little more, a

few upgréde in about eight or nine months.
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H How long does it take to check a 3-level ocut in all

the tasks that he will be expected to do?

W That depends on our workload. On the average, maybe a
month or two.

H  How much extra training do you aave to do after a 3-
level gets here from tech school?

W Some can do most everything the first time, but most
need to be watched for a month or two.

H You mean a 5 or 7 level must instruct or help them the
first few times they do each job?

W Yes. Maybe four or five times. That takes about a
month or two to get all the jobs.

H Okay. Let's assume the 3-levels we are talking about
have been here between two and seven months. You might
tell me the shortest and longest times you would expect
for each task as we go through the work unit code

o manual,

jfi W  Okay.

E; H wWhat's the first work unit code?

&? W The 74BAO. That's usually an R&R (remove and replace).
?n H Okay, how long does it take a 5-level to R&R that item?
Ef W We always send two men to do the job, That's for any
E! of our jobs.

?r H Is that for safety, or because of weight or what?

Ef W  Yes, it's because one guy has to be free to handle the
E‘ power c/zt, get tools, help lift things and act as a
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safety observer.

Can you send two 3-levels to do the job?

Yes, but we try to send one 5 or 7 level along with a
3~level B0 we can get training - get the 3-level checked

out.,

Can two 5~levels do the job faster than one 3-level and
one 5-level?

No, not really. As long as there is at least one 5 or
7 level it doesn't matter what skill level the other
guy is.

Is that true for the first time the 3-level has been on
the job or after he has been on a similar task several
times?

Well, it might take longer if it's his first time if
the other guy takes time to explain everything.

But once he has seen the job a few times, a 5 and a 3
level can do the job just as fast as two 5s?

Right.

What if one or both specialists are 7-levels?

The same as two 5s or'a 5 and a 3. You can only do the
job so fast.

Is this for most jobs or just the 74BA0?

It's for all oﬁr jobs.

Okay, let's go back to the work unit code manual and
start wiih the 74BAO. It's an R&R task. How long for

a team that includes a 5 or 7 level?

N e e, T RO A S N I
L T e B L S O T e
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That's about an hour and a half usually. Sometimes an

hour, sometimes two hours, but usually an hour and a
half. That's a good average time.

How about if two 3-levels do the job?

Probably two hours. They're scared they might mess
something up., They use the tech order more too and it
takes longer for them to find things in the T.O.

Okay, two hours is the average for the 3-levels, and it
takes a crew of two. What's the next work unit code?
The 74BBO. That's about an hour and a half for the
5-level and probably two and a half for the 3-level.
That's also an R&R and a crew of two?

Yes. The 74BCO - we fix that on the aircraft sometimes.
Say two and a quarter hours for the 5-level and three
hours for the 3-~level. All of our jobs use two men.

If we R&R it, it is an hour and a half and two and a
half. It's a bear to get oug.

Okay.

The 74BDO. That's an R&R. Say one and a half -and two.
Okay. Let me know if there are any jobs tha; don't fit
this pattern, if 7~levels would be faster or different
troubleshoot times or access times,

Most of our jobs are R&R. Some are repair on the air-
craft. Whenever we have to troubleshoot, it takes the
3-levels longer. Probably half again as long for any

of our jobs., Access and hook up of AGE (Aerospace
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Ground Equipment - power supplies, lighting, aircarts,

etc.) don't take any longer.

How about inspection or verification tasks?

That takes a 3-level twice as long, when he can do it,
once he's checked out.

Okay. Does the troubleshoot and inspection time
increase hold for all jobs or are there some exceptions?
Well, let's see (looking at work unit code manual).
No, that's true for all our jobs. Now maybe electrics
might have different times. Their jobs are more com-
plicated.

Okay. I'll use 50% time increase for 3-level trouble-
shoot and 100% time increase for verify. What job.is
next?

The 74BEQ. Say one and a half and two hours. 1It's
R&R. |

Okay.

74BFO. For R&R, say two hours and three hours and for
on aircraft two and a quarter and three hours..

Okay.

74BGO. R&R, one and a half and two hours.

Okay.

74BHO. Two and a half for 5~levels and three and a
half for 3~levels if it's on aircraft, and two hours

and three hours if it's R&R.

MLt P e




e ROy v e ta-Boan.b.

S owm

=

1=

1=

oo

I=

|

1=

|

Rl e e et e O N Y L A, B SO IR P VS SO PO A

133
Okay.

The 74840. That's four hours and five hours. That's
the last one.

Okay. Are there any other tasks or exceptions that I
should be aware of?

No, not that I can think of. That's all the jobs we do.
I hope that will help.

Do you think any of the jobs are more likely to have to
be reworked if 3-levels do the work?

No, not really.

How about safety? 1Is there a problem with safety vio-
lations when 3-levels do the job? I mean either flight
or ground safety.

No, not in this area.

Okav that helps a lot. Thank you.

A
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APPENDIX C

5-Level and@ 3-Level Task Times

This appendix contains the list of all tasks and task
times for which 5-~level and 3-level maintenance personnel
are reported to have different task times., The task names
come from the Work Unit Code Manual as described on page 34.
The task times were developed through the operational audit

technique as described on pages 24 through 27 and Appendix
B.

For each work center included in this study an attempt

was made to interview at least one 7-level specialist and nne

5-level specialist. When available a 3~level specialist was

also intervieﬁed. Generally 5 and 7 level personnel were

able to give estimates about all the tasks that are performed

by their work center. The 3-level personnel could only give

times for the limited number of tasks that they has experi-

enced. Whenever paossible interviews were conducted

independently. Otherwise, one specialist would give an

estimated time (to the analyst this often appears to 5e

the specialist with the most experience in the particular task)

and the other would agree or disagree, Without exception all

the interviewees gave the same task time for 5 and 7 level
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3-~levels often differed from the estimates for 5 and 7 levels.
Wnen a J-level was present, the 5 and 7 level spacialiat
would often ask his/her opinion about particular jobs prior .
to estimating 3-level task times. In these cases the task
times were considered a consensus opinion. Where interviews
were conducted separately, the estimates were studied by the
analyst and large differences settled by & consensus among
the specialists after interviews were completed. In thais
Farticular study, no differences of greater than 10 vercent
were noted.

In thia analysis 78 of the 2094 tasks were answered by
3-level specialist independent of 5 or 7 levels. The 3~
level specialists were asked to estimate only 3-level tasks
times. Only three of the estimated tasks times differed

from the 5-lavel specialist's estimates of the 3-level tasks

times, and then by only a quarter hour for each three hour
task. Figure C-1 presents the summary of 3 level/$ level
task time differences. Figure C-1 is then followed by a

:
§£ listing of task times for 5 level and 3 level specialists.
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TASK HLVL. 3LVL TASK SLVL 3LVL
NAbG TiMe TaMy NAME TIMS TIME ;
ATTIARA 03.1 047 A12360 03.0 04,5
SRRV Y 02.9 04,4 A12361 01.0 01.5
AVVvipx 01.5 02.3 A12362 00.8 01.2 {
ISERE:T 01.5 02,3 A12370 03 Q4.6 |
AVi1Be 05.0 07.% A13100 02.5 03.7
AV1IC) 03,7 05.6 A13210 01.7 02.6
ANy 00,5 0G.b Ar32n 01.0 01.5
FRRR I 01.6 02,4 A13212 02.0 03.0 |
A111FX 01.5 02.3 A13213 02.0 03.0
AV 01.5 02.3 A13220 01,0 01.5
AVNF2 03.4 0%.1 A13221 00.8 01,2 ;
AVIF3 00.5 00.8 A13222 o4 .4 06.6 ;
A1) 00.7 0 A13230 03.4 05.1
ANy 06.0 09.0 A2 04.0 06.0
AN11G¢ 00,6 00,9 A13240 03.5 05.3 J
AV AHY 05.2 07.b A13290 01.3 02.0 {
AV 00.4 00.6 M3310 03.0 04,5 !
AVYIKA 00.5 00.8 A13311 02.5 03.8 ‘
ALK 01.0 01.5 A13312 03.0 04.5 |
AV11K2 02.% 03.8 A13320 03.0 04.5
AV1ILX 01.§ 02.7 Ar3san 00.38 01,2
AV XA 06.0 0y.0 A1332¢2 04.9 07.4
ANV YUY 02,0 03,0 SV S KXTR Ov. 00.8
Ay 01.0 01.% Av3342 ol.b a7.2
A112Xxa 01,5 02.3 A13343 01.7 0¢.¢
Alizxa 02w 03.0 A13410 06.5 09.8
R AI2X2 00.9 01.4 A13420 02,2 03.3
i A112X3 01,7 02.b A13421 01.% 02.3
AVI2X4 05.0 01.2 A13440 00.5 00.8
h ANI3AN 02.0 03.0 AT13442 02.0 03.0
t A113XS 01.3 02,0 A13443 05.1 7.7
AV13Xe 00.9 01,4 Ar3444 00, 00,2
i AN3Xs 0207 04 .1 A13500 048 07.2
{ A12110 02.5 08.8 A13501 05.0 07.5
F A2129 02.2 03.3 A13502 01.9 03,0
& A1220) 02.9 O & A13503 02.1 03.2
! A1220¢ 00.9 01.4 A13504 02.4 03.6
, A12e0 2 01,0 Ul.h A14100 03.0 04,5
. A12310 03.9 0Y.y AY4ON 07.% 11.3
. A12330 02.4 04,4 AT4102 014 02.6
' AY23i1 0,0 ul.o A4210 05.9 08.9
i A12352 00y 01,4 A14220 03 04.7
g A12353 1.1 04V.7 Aruegen 00.% 00.8
A12340 03.u T A14230 02,0 03.0
A12350 09,1 Ue b A2 01,8 02.7
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TASK 5LVL 2LVL TASK S5LVL 3LVL :
NAME TiM TINE NAME TIME TIME
A4240 02,1 03.2 AU12340 01,8 02.7
Ah2y4 02.0 03.0 A42100 04,0 06.0
AV4250 03.0 04 .5 A42101 01.0 01.5
A4251 00.8 01,2 A42102 02.0 03.0
A3 02.5 03.4 A42103 02.8 04,2
A3 02.1 03.2 A42104 01,3 02,0
Mg 05.9 0b.y A42105 05,3 08.0
A14330 02,1 03.2 A42106 04.0 06.0
AN433 02.3 03.5 A42107 04,0 06.0
AN4332 06,0 09.0 AY4210b 02.6 03.9
Av4Y4C 04,0 006.0 A42200 06.9 10.5
AN4420 02,0 01.0 A42201 01.0 01,5
ANl 03.9 04,0 A42300 05.0 07.5
A14430 01,2 01.b A42610 03.0 04,5
AV4510 02,4 03.6 A42640 01.1 01.7
AV4540 00.5 00,8 Ad4110 01.0 01.5
A14550 04,3 06.5 AB4Y 1Y 01.0 01.5
A14560 03.3 05.0 AN44220 01.6 02.4
AV4600 03.0 04,5 A4Y230 01.6 02.4
IRLTAY) AN 01.1 A45110 02.7 041 |
A6 £3.n 03.0 Al45120 02,7 04.1 |
AV480y 04, 05 .1 Al5130 02.5 03.8
A48 02,0 03.0 AUS21@ 01.5 02.3
A23100 00.9 01.4 A46130 01,2 01.8
423200 21,0 31,5 A46131 04.0 6.0
423300 09.1 13.7 A46140 02.0 03.0
A23300 02,4 J3.6 A46160 02.3 03.4
A2340C 12.0 10.0 AUB2%0 02.0 03.0
A2350( 00,7 01.1 A62 30 02.5 03.8
A23501 06,y 0y.8 A462 1 02.3 03.4
423600 01.9 02.9 A46232 02,0 03.0
A23601 00.5 00.8 A46233 01.0 01,5
A23700 02,9 04,5 A46300 02.9 03.0
A2370: 00.9 01.4 ALTY00 02.2 03.3
A23703 02,4 03.6 A511%0 01.0 01.5
A23704 06,2 09.3 AS114J 02.0 03.0
. A23960 01.2 01,4 AS11AL 00.9 01.9
{ A23961 00,9 01,4 AS511A) 01.8 02.7
. A23950 0tl.0 02.4 A5124%Q 01.7 02.6
; K239 01,9 01.5 A512A8 01.5 02.3
4 AL1120 02,6 €3.0 A513%0 05.0 07.5
L A4115) 02.2 03,3 A513H0 04.0 06.0
- A41153 01.9 2.9 A52100 03.0 04.5
5 A41230 02.4 04,2 AS522%Q 01.6 02.4
AY1243 01,7 02.6 A52250 02.0 03.0

1
i

|
1
|
|
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;n TASK 5LVL 3LVL TASK 5LVL 3LVL
5 ‘ NAMe TIME TIMe NAME TiMs TIME
- A522E0 02.0 03.0 AT4BCO 04,0 06.0
- AT1BW 06.0 09.0 ATHBCO 0v.3 02,0
P AT1B2u 06.0 09.0 ATHBDO 06,0 09.0
AT\H10 02.0 00.6 ATUBEO 04.0 06.0
AT1HO 01.3 02.0 AT4BGCO 04,0 06.0
AT1H2Y 02.5 03.4 ATABHO 04.0 06.0
ATIHS . 06.0 09.0 ATHBJO 03.0 04,5
ATVHOO 06.0 09.0 ATHUBLO 03.0 04.5
ATIL¥MO 06.0 09.0 ATH4BMO 02.0 03.0
ATILM 01.0 01.5 ATUBNO 05.0 07.5
AT1LbO 04,2 0o.3 AT4BPO 06.0 09.0
ATLCU 05.0 07.5 ATUBQO 04.0 06.0
ATILCY 02.3 03.5 A7T4BRO 01.0 01.5
AT\LCZ 00.8 01.2 ATHBSO 03,0 o4.5
ATILDO 02.0 03.0 AT4BUD 03.2 0l .8
ATVLE 08.0 12.0 ATUBVO 06.0 09.9"
AT\LQ. 00.4 00.6 AT4CRO 03.0 04,5
ATILXO 04.0 06.0 ATHCAO 03.2 04.8
ATIM¥Q 01,2 01.8 AT4CBO 02,2 03.3
IYALLE 00.8 0,2 ATHCEY 02.1 03.2
AT 1MAD ol4.5 06.9 AT4CCO 03.8 05.2
ATIMES 4.0 06.0 ATHD*Q 01.3 02.0
ATINGO 01.5% 0.3 AT4DAC 03.5 05.3
o AT IMIC 05.0 07.5 AT4DBO 04,0 06.0
t,‘ AT1S80v 02.1 01.2 AT4DCO 03.2 05.9
- . ATITGO 01,2 01.b ATUEQQ 01.0 91,5
f; ATUQy 02.8 04.2 ATYEV) 00.5 00.8
= AT23A0 04.0 06.0 AT4300 03.0 04.5
hl AT23BC 02.0 03.0 ATHG? 00.7 01,
. AT23E1 03.b 05.7 ATU810 00,8 01,2
. AT72500 00.8 01.2 A7T4820 02.0 03.0
e A731B0 03.1 ua .7 A74830 04,2 06.3
o AT31C0 04.0 06.0 AT4840 02.0 03.0
e AT3VLO 02.3 03.5 ATHE 00,7 01.1
le AT3IED 03.0 04.5 A75B09 02.2 03.3
- A731F0 01.5 02.3 A75BOY 01.0 03.0
A731HD 02.4 03.6 AT6E¥A 01.5 02.3
AT35%) 00.8 01,2 ATOL#*2 03.0 04.5
AT3510 02.0 03.0 ATGEAO 05.9 08.7
- A735.0 04,0 06.0 ATHEED 03.0 04.5
'q A73530 06.0 Cy.0 A76LCO 01,5 02.3
.- AT35 00.1 00.2 A7T6LDO 02.3 03.5
o AT4B%0 0.1 0yt AToFAD 03.2 ou,8
- ATHBAQ 02.0 03.0 ATTIRY 02.5 03.8
L AT4BUGC 03.0 ol AT1JeA 03.0 04.5
{l
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TASK 5LVL 3LVL TASK 5LVL 3LVL
NAME TIME TIME NAME TIME TIME
ATTI2K 03.5 05,3 B13442 01.0 00.5
AT7J421 01.4 02.1 B13500 01,7 02.6
ATTX%0 02.0 03.3 B13501 01.3 02.0
AT7X60 02.2 03.3 B13502 00.7 - 01,3
A93200 03.9 06.0 B13503 00.8 01,2
A97900 02.3 00,7 B14100 01.0 01,
BBLDTK 03.0 04,5 B14131 01.4 02,1
BDWNL1 00.8 01,2 - B14250 01.% 02.3
BDWNL2 00.4 00.6 B14251 02.5 03.8
BDOWNL 00,3 00.5 B14280 02.0 03.0
BECML.D 0%.5 02.3 B14320 03.C 04.5
BHANGT 00.9 01,4 B14321 01.5 02.3
BHGMY2 01.2 01.8 B14y2y 03.0 04,5
BLDGUN 00.4 00.6 B14422 01.3 02.0
BMISLS 01.5 02.3 B14550 04.6 06.9
BSTVO3 00,4 00.6 B14551 01.5 03.3
BSTVOY 00.5 Ou.8 B14600 02.6 03.0
B112Xx 02,0 03.0 B14b00 01.1 01.7
B12Ms2 01.0 01.5 B14801 01.5 02.3
812200 00.1 00.2 B23700 02.9 04.4
B1220" 02.1 03,2 B23920 00.9 01.4
B12339 01.2 02.3 B23980 00.4 00.6
B12360 00.8 01,2 B23981 00.7 01.1
B12361 01.3 02,0 B41150 - 01,0 01,5
B13210 0.3 00.5 B41151 01.1 01,7
B1322y 00.5 00,8 B41230 03,0 04.5
B13221 00.6 00.9 B42100 01.2 01.8
B13230 02,2 03,3 B42101 09.5 14,3
B13231 01.3 02,0 B42102 01.8 02,7
B13250 04,7 07 .1 B42103 01.4 02.1
B13252 01.5 02.3 BY42200 00.7 01.1
. BE13260 04.9 07.4 B42201 02.0 03.0
( B1326% 01.5 02.3 , BY42610 02.0 03.0
» B13240 01.0 01.5 BY42640 01.5 02,3
e B13310 00,5 00.8 B45110 01.0 01.5
L B1332u 01,0 01.5 BU45120 01.0 01.5
- 513331 05.0 07.5 BY45130 01.0 01.5
o B13332 00,0 00.9 B46120 01.3 02,0
- B13340 00,6 00,9 BY46160 00.5 00.8
B13341 01,0 01.5 BU62RQ 00.5 00.8
e B13410 01.5 02.3 BU4G210 00,8 01.2
. B1342¢ 01.0 01.% B46220 00.9 01.4
- B13430 01.0 01.5 BU6230 01.0 01.5
o B13431 00.8 01.2 BU6231 00.3 00,5
i B1344) 04,5 06.4 BU6L20 01,5 02.3
'
9




-----------

141

TASK 5LVL sLVL TASK 5LVL 3LVL
NANME T Tlells NAME TIME TIME
B47100 00.5 00.8 B731HO 01.0 01.5
BS511%0 01.0 01.% B731M0 01.0 01.5
BS11AL 01.0 01.5 B731N0 00.5 00.8
BS11AD 01.0 01.5 B732A0 01.5 02.3
B511AJ 01.0 01.5 B735*0 00.8 01.2
BS11AL 01,0 01,5 B73510 . 01,0 01.5
B512%0 01,0 01.5 B73520 02.0 03.0
B512A4 n1,0 01.5 - B73530 04.0 06.0
B512CL 01,0 01.5 BT4E*0 01.0 01.5
B513%C 01.0 01.5 BT4BAO 01.0 01.5
BS13B0 01.0 01.5 B74BBO 01.0 01.5
B513E0 01.0 01.5 B7uUBCO 01.4 02,1
BS13H0 02.0 03.0 B74BDO 01.5 02.3
B513X0 02,3 C0.Y B74BFO 01.0 01.5
B522%0 01.0 01,5 B74BGO 01.5 02.3
B522B0 01.0 01.5 . BT74BHO 01.5 02.3
B522E0 01.7 2.6 B74BJO 01.0 01.5
B71B10 02.1 03.2 BTUBLO 01.0 01.5
B71B10 01.0 01.5% B74BMO 00.8 01.2
B71B20 02.8 02,0 B74BNO 01.0 01.5
BT1H1O 01.0 01,5 BT74BFO 02,0 03.0
B71H2u 02,0 03.0 B74BO 01.0 01.5
BT 1S 04,0 06,0 B74BS0 01.0 01.5
B71100 02.0 03.0 BTU4BUO 00.8 01.2
BT1LEG 00.5 0.8 B748VO 01.7 02.6
B71LCO 00.5 00.8 374CBO 01,5 02.3
BT71LDu 00.5 00.8 ATHDAO 01,6 02.4
B71LEO 04.0 06,0 BT4DBO 02.1 03.2
B71MLED 02.0 03.0 B74DCO 01.6 02.4
- BT IMGU 00.5 00,8 BT4EOO 00.8 01.2
o B IMHG 03.0 04,5 B74300 01.0 01.5
. BT1NAO 02.0 03.0 B74810 01.5 02,3
- B71500 01.3 02,0 874820 01.9 01.5
- B71TOC 01.3 02.0 B74830 01.2 01.8
¥ B71U0C 01.6 co2.4 B74840 01.5 02.3
b B723A0 00.5 00,8 B75B00 00.9 01,4
L BT23BU 00.5 VIV B76E#*2 01,2 01,8
S B72500 00.5 00.8 BTHEAQ 02,0 03.0
Ll BY31%0 01.0 01,5 BY6EBO 01.0 01,5
ch B731L2 91,9 ve.3 B76ECO 00.6 00.9
L B731C0 01.5 2.3 B76LEDO 00.8 01.2
"4 B7310U 02.2 03.b B76FAQ 01.0 01.5
e B731E0 01,0 01.,% B71JeA 01.0 01.5
. B731k0 01.0 01,5 B1'1J2K 01.0 01.5
o B73150 01,5 ue. 3 B77X%0 01.0 01,5
.
- 4
4
]

o
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TASK
NAME

HY6104
H46100
H46110
HY46130
HU614E
46140
HU$154
H46150
HU46160
H4624)
H46210
HY4 6230
H4630X
HU 6300
H46301
H46302
LITITR
Hu 64
HUG 42
H46420
H47 100
HHT101
HU7 200
H47201
H49100
H51100
H51200
H51300
H52100
H52200
H55100
HT1B0O
H71H00
HT1L00
H71L01
HT7 1M
H71NOO
HT1U00
H72300
H72500
H73100
H73200

. H73500

HT4BOC
HT74COV

5LVL
TIME

02.3
01,6
04,0
0107
01,5
02.6
02.0
01.8
00.5
03.0
02.7
02,0
02,0
01.5
01.0
04,0
01.5
01.5
0"'.3
02.0
00.5
00.8
01.5
00.8
02,0
01,5
02.0
02,0
02,0
02.0
00.5
01.8
02.5
00.9
01,0
02,0
01.0
00.7
01.0
00,7
01,4
01,0
03.0
00.7
01.2

I-"\"""\‘hv\

3LVL
TIME

04.6
03'2
04,0
030“
03.0
05.2
o4.0
03.6
01.0
06.0
05.4
04,0
04.0
03.0
02,0
08,0
03.0
03 '0
08,6
04.0
01.0
01.6
03.0
01.6
04,0
05.0
04.0
04.0
04,0
04,0
01,0
03.6
05.0
01,8
02.0
04,0
02.0
01.4
02,0
01.4
V3.0
02.0
06.0
01.y
02.4

-----------

TASK
NAME

HT4D0O
HT74800
H75B00
H75BO1
H75E00
H76E00
HT76F00
H77X00
H77500
1AABOO
JCKGUN
JCODES
JCORIN
JCORR

JECMCK
JENGS?Y
JENGS2
JETCKO
JETCK
JEORG1Y
JEORIN
JLUBE

JLOXsV
JPKCK?
JPOST2
JPREP
JPRFLO
JPRFLI
JPRLCO
JPOST
JTAXIO
JTAXOM
JTHRUF
JTOWAC
JTOWBK
MAAAOO
MAAAQ1
MAABOO
MAACO0O
MAAEQO
MAC2A0
MAC280
MAC2CO
MACZEOD
MAC2EN

Foooo o lale,

SLVL
TIME

00.6
00.7
01.0
01.0
01.3
01.8
00.7
01.0
01.2
04,0
00.4
00.7
00,5
02.5
00.2
00.6
00.3
00.3
00,3
00.1
00,1
00,7
00.7
00,2
02.0
01.0
01.2
01.2
00.6
02,0
00.2
00.2
01.Q
00.4
00.5
01.5
02.4
01.3
02.2
02.9 -
01.2
02.0
01.0
04.0
01.8

142

3LVL
TIME

01.2
01.4
02.0
02,0
0z.6
03.%
01.4
02.0
02,4
08.0
00,6
01.1
00.8
03.8
00.3
00.9
00.5
00.5
00.5
00,2
00,2
01.1
01.1
00.3
03.0
01.5
01.8
01.8
00.9
03.0
00.3
00.3
01.5
00.6
00.4
02.8
03.6
02.0
03.3
04 .4
01.8
03.0
01,5
06,0
02.7
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TASY. 5LVL 3LVL TASK SLVL 3LVL

‘ NAME TIME TIME NAME TIME TIME
. .

% MAC2EU 00.b 01.2 M1120X 09.5 4.3

N MAC2u2 .00.7 01.1 M11201 01,1 00.3

= MD6000 00.5 00.8 M11202 01.1 01.7

N MNF200 00.5 00.6 ‘ M11203 04.0 06.0

H! MSLISH 00.1 00.2 M11204 09.5 1%.3

- MITUQO 00.5 00.8 M11300 01.0 01.5

- M111A0 00.8 01.2 M11301 02.0 .03.0

- M111A% 00.8 01.2 M11302 01.4 02,1

i M111A2 01,4 02.1 M11303 01.1 01.7

- M11180 00.5 00.8 M11304 05.0 07.5

g| M11151 01.0 01.5 M11305 01.0 01.5

. M111B2 2.0 03.0 M11306 00.5 00.8

o HM111B3 02.7 04.1 M1211X 03.0 04.5

o M111CG 00.5 00.8 M12110 01.0 01.5

. M111CH 01.0 01.5 MI211 01.1 01.7

M111C2 01.5 02.3 M12112 01.0 01.5

M111D0 00.5 00.8 M12113 01.0 01.5

M111D1 01.0 01.5% M12114 01.0 01.5

MI1102 00.% 00.8 M12120 01.0 01.5

M111D3 00.9 01.4 Mi2121 01.0 01.5

M111FO 01.0 00.2 M12122 01.0 01.5

M11161 00.6 00.y M12123 01.0 01.5

MIVIE2 01.0 01,5 M12200 01.0 01.5

MIVAFS 01.9 ce.y M12201 01.0 01.5

M111G0 01.5 02.3 M12202 01.3 02.0

M111G1 01.0 01.5 M12203 01.0 01.5

M111G2 01.5 02.3 M12204 00.5 00,8

M111G3 01.% 02.3 M12310 02.2 03.3

M111HO 01.0 01.5 M12311 02.0 03.0

M111HY 01.8 02.7 M12312 01.2 01.8

M1ilhe 01,1 01.7 M12320 02.0 03.0

M111H3 01.0 01.5 M12321 02.0 03.0

M111£0 01.1 01.7 M12322 03.2 04.8

MI1IR) 01,6 02.4 M12323 00.8 01.2

M111Ke 03.0 04.5 M12324 00.5 00.8

M111K3 00.7 01,1 M1232% 00.6 0.3

3 M111L0 00.5 00.8 M12326 00.9 01.4

P~ M111LY 01,0 01.5 M12330 00.8 01,2

o M1T11Le 01.0 01.5% M12331 00.5 00.8

i M111%0 0%.1 04,7 M12332 01.0 01.5

N M111X) 01.0 01.% M12333 0.7 02,6

i MIT1IX2" 01.1 01.7 A M12334 02.6 03.9

a M111X3 02.1 03.2 M12335 01.0 01.5

M11191 0.0 01.5 M12340 01.5 02.3

M11192 01.0 01.5 M12341 . 00.5 00.8
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TASK
NAM:,

M1234¢
M12343
M12344
M12345
M12350
M12351
M12352
M12353%
M12360
M12361
M12362
M12370
M12380
M12381
M12382
M1239B
M12390
M12391
M12393
M12394
M12395
M12464
M125 34
M1310X
M1310Y
M13100
M13101
M13102
M13103
M13104
M1321X
M13210
M13211
M13212
M13213
M13214
M13215
M13216
M13217
M13218
M13220
M13221
M13222
M13223
M13224

SLVL
TIMe

02.0
05.0
01,2
00,5
00.6
01,0
08.0
01,3

00.6

00,5
01,1
02.0
01.0
00.5
01.9
01,2
01.0
03.7
0t
01,0
04,0
00.5
07.8
02.0
01.6
00.9
03.0
02.0
00.5
01.2
02.7
04,0
01.2
01,9
06.0
00.5
00.8
04.5
01.5
01.2
04.0
0301
01.0
06.0
00.5

3LVL
TIME

03.0
07 '5
01.8
00.8
00.9
01.5
12,0
02,0
00.9

00.8‘

01.7
03.0
01.5
00.8
01.9
01.8
01.5
05.6
01.7
01.5
06.0
00.8
n.7
03.0
02.4
01.4
04,5
03.0
00.8
01.8
04,1
06.0
01.8
01.5
09.0
00.b
01,2
Q6.8
02,7
01.8
G6.0
04.7

01,5 .

09 .0
ou.8

TASK
NAME

M13225
M13226
M13227
M1323X
M13230
Mi13231
M13232
M13233
M13234
M13235
M1324X
M13240
M13241
M13242
Mi3243
M13244
M13250
M13251
M13260
M13290
M13291
M13292
M13293
M1331X
M13310
M13311
M13312
M13313
M13314
M1332x
M1332Y
M13320
M13321
M13322
M13323
M13324
M13340
M13341
M13345
M134X0
M13410
M13420
MI13421
MI3422
M13430

T N R WP S S

SLVL
TIME

01.3
04.9
01.4
02,0
02,0
02,5
01.0
01.4
0.0
01.2
02.7
02.0
03.0
01.0
01.0
04,0
00.5
01.0
00.5
00.9
00.3
00.5
01.0
02.7
02.7
00.5
01.0
01.2
01.0
02.2
02.3
02.2
03.0
00.6
01.0
01.2
02.0
01.0
00,6
00,9
01,7
01.0
01.0
01,0
01.1

C a Al A aA . & Cam am Lo ..
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3LVL
TIME

02.0
07 .“
02.1

-03.0

03.0

03.8

01.5
02.1
06.0
01.8

04 .1

03.0

04.5.

01.5
01.5
06.0
00.8
01.5
00.8
01.4
00.5
00.8
01.5

041

04.1
00.8
01.5
01.8
01.5
03.3
03.5
030

04.5
00.9
01.5
01.8
0300
01.5
00.9
01.4
02.6
01.5
01.5
01.5
01.7
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TASF. 5LVL 3LVL TASK 5LVL 3LVL
NAME TIME TLME NAME T1ME TIME

M13431 01,0 01.5 M14262 02.0 04,0

M13440 01.4 02.1 M14263 02.5 05.0
M1344° 01.0 01.5 M1428X 01.3 02.6
M13442 01.7 02.6 M14280 02.0 04.0
M13443 01.7 02.6 M14281 01.3 02.6
M13500 00.5 00.8 : Mik282 00.5 01.0
M13501 01,7 02.6 MI4310  00.5 01.0
M13502 01.0 01.5 MIu3 N 00.5 01.0
M13503 01,0 01.5 Mi4312 01.9 03.8
M13504 00.5 00.8 Mi432X 02.0 04.0
M13505 01.6 © 02.4 M14320 03.0 06.0
M14100 01.5 03.0 o Mw321 02.5 05.0
M14101 01.2 02.4 M14322 01.2 02.4
M14102 04,5 09.0 MI433X 05.0 10.0
M14103 01,0 02.0 M14330 00.9 01.8
M14104 01,4 02.8 M14331 01.0 02.0
M142X\ 01.2 00.3 MI14332 05.0 0.0
bes M142 XY 02.5 05.0 M14333 01.0 02,0
= M142X0 01.2 02.4 M14334 01.2 02.4
- Mi42x " 02.5 05.0 M4 350 00.7 00.2
- 114200 03.5 07.0 M1436X 02.b 05.6
e M14210 01.5 03.0 M14360 02.8 05.6
- M14211 01.13 02.6 M14361 01.0 02.0
. M14212 01,0 03.2 M14362 01.5 03.0
PQ M1422) 01.7 03.4 M14363 02.2 04 .4
L M14220 02.5 05.0 M14400 00.3 00.6
b M1422° 00.8 01.6 M14401 00.6 01.2
i} Mi4222 04.3 08.6 MI4410 02.5 05.0
ii M14223 01.0 02.0 M14411 01.0 02.0
- M14224 00.3 00.6 MILYY2 00.8 01.6
L M1423° 02.7 05.4 M14413 04.3 08.6
B MI423& 02.2 R Milu2x 03.1 06.1.
e M14233 01.1 02,2 . M14420 02.0, 04.0
L M14234 00.8 01.6 MI44z1 01.9 03.8
o Mi42uQ 01.0 02.0 Mibhze 05.0 10.0
-4 M1424 1 00.8 01.6 M14423 01.0 0.0
e Mih2l, 01.1 02.2 M4 43X 01.5 03.0
o M2y, 02.68 05.6 MINA3Y 01.9 03.8
o M1425X 02.3 0l .6 MING30 01.5 03.0
N M14250 01.5 03,0 M144 31 01.0 02.0
- M142%1 02.5 u5.0 M4 432 03.0 06.0
X | Mi42s52 01.2 oh.8 M14b33 01.9 03.8
e M1426 02.0 04.0 Mi14500 01.9 03.8
e N M14260 02.0 04.0 M14501 01.1 02.2
i M14261 01.6 03.2 M14510 01,1 02.2

‘e
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- TASK SLVL 3LVL TASK 5LVL 3LVL

% NAME TIME TIM: NAME TIME TIME

- M148 11 01,1 02.2 M 1140 00.9 01.4
i MI4512 01.0 04,0 MY1150 01,2 0.8

= M14520 03.7 06.4 ME1151 01.0 01.5

Il M14521 01.9 03.8 M4121X 01.1 01.7

MI4522 01,0 02.0 M4 1210 01.1 01.7

M14523 00.8 01.6 M41220 00.5 00.8

M14532 00.3 00.6 MU 1221 00.9 01.4

MI4SHX 01.9 03.8 MU123X 01.6 02.4

; Mi4540 01.2 02.4 M4 1230 01.0 01.5

| MI4541 04,0 08,0 MH1231 01.2 01.8

- MI4S42 01.0 02.0 M41233 01.3 02.0

o MI4543 01.6 03.2 M41300 £1.0 01.5

-~ M1455X 01.9 03.8 M41301 01.2 01.8

- M1455¢ 01.4 02.8 MW 1400 03.0 04.5

S MI456 1 01.9 03.8 M4210X 02.4 04.8

3 MI14552 01.6 03.2 M42 100 00.5 01.0

M1455 3 03.2 06.4 M42101 02.4 04.8

M14560 01.8 03.6 MH2102 02.0 04,0

o M14561 00.3 00.b M42103 04,0 08.0

- M14590 02.9 05,8 MU2 104 02.4 09.8

o MI45G 01.1 02,2 M42105 00.5 01.0

| MI461C 00.5 01.0 MU 2200 03.6 . 0€.0

- MI46 1 i 00.5 01.0 MH2300 02.6 05.2

i MI461Z 02.2 0l .4 M4 2600 01.1 02.2

N M14620 02.0 04.0 MU2601 01.1 02.2

Mibbz 01.0 02.0 M4 2602 00.6 01.2

" M14800 05.4 0.8 MU2603 00.5 01,0

. M14801 02,4 04.8 MU 4 100 00.5 00.1

M14802 02.5 05.0 MUY 101 01.5 02.3

\ M14803 02,0 04.0 MU 4102 00.5 00.8

.w M14804 02.0 04.0 MU4200 01.9 02.9

. M1480% 00,3 00.6 MUY201 00,5 00.8

3 M23004 01.5 03.0 M4 4202 00.5 00.8

? M23001 01.2 02.9 M4203 01.0 01.5

4 M23002 01.0 02.0 MH5100 01.0 01.5

" M230073 01.0 02.0 M45101 02.9 03.9

M2300k 01.6 03.2 M5 102 01.2 01.8

M23005 01.4 02.8 M45103 00.5 00.8

M23006 01.0 02.0 M5 104 01.0 01.5

g M23007 01.2 02.4 M45200 02.6 03.9

[ M41110 01.0 Ul.h MH5201 4.6 06.9

MYTTY 00,7 01.1 MU610A 02.8 0k.2

M4 1120 02.2 03.3 M6 10B 01.2 01.8

MU113L 01.5 02.3 MU610C 01.5 02.3

M4 114K 00.9 1.4 M.6 100 01.0 01.5
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TASK SLVL 3LVL TASK 5LVL 3LVL

NAME TIME TIM: NAME TIME TIME

MUG13IA 02.0 03.0 MU6421 01.2 01.8

MU61 1B 01.0 01,5 My6422 00.5 00.8

MU6110 01.5 02.3 - MUT100 00.5 00.8

MU 6124 00,9 01.4 M47200 01.2 01.8

M4612y 00,7 01.1 MUT7201 00.9 01.4

M4 6120 01.5 02.3 MU47202 00.5 00.8

MU613A 01.5 02.3 M49100 01.0 01.5

M4613E 00.5 01.4 - M49101 01,0 01.5

M4613C 01.0 01.5 MU9102 00.5 00.8

Mu6132 02,0 03.0 M49103 01.4 02.1

M46130 01,0 01.5 M511%) 01.3 02.0

MN61 44 02.0 03.0 MS11AB 01.0 01.5

MUS 4B 02.5 03.4 M5114D 01,0 01.5

Mu6140 01,0 01.5 M5114aJ 01.1 01.7

MY615A 01,0 01.5 M511AL 01.0 01.5

Mu61%B 00.9 01.4 M511A1 01,1 01.7

M46150 01.0 01.5 M511CA 01.0 01.5

M4616A 00.5 00.8 M511C1 01.0 01.5

MU6168 01.0 01.5 M512%0 00,5 00.8

M4616C 03.9 05.9 M512%) 01.0 01.5

M46 160 01.0 01.5 M512A4A 00.8 01.2

M46 196 01.0 01.5 M512AB 02.5 03.8

MY619Y 01.8 02,7 M512A1 01,0 01.5

X M4 b62%0 01.0 01,5 M512A2 01.0 01.5

" MUbe*1 0o . 13.7 M512A3 01.0 01.5

ﬁl My 6242 01,0 01.5 M512A4 01.2 01.8

< MU62#3 01.4 02.1 M512CL 00.5 0c.8

e M4 6218 01.0 01.5 M512C1 01.2 01.8

ii MU6210 01,0 01.5 M512C2 01.0 01.5

, M4 622¢ 00,7 01.1 M513%0 00.9 01.4

b MYE221 02.9 04,4 M51380 00.5 00.8

b MU 62 24 02.0 0%.0 M513B1 00.6 00.9

p Mu6238 00.5 00.4 , M513E0 00.5 00.8

b M4 62 3C 01 01.7 MS13F0 00.5 00.8

s MU623DL 01,0 01.5 MS513F) 01.% 02.3

"¢ M46230 01.5 02.3 M513H0 01.9 02.9

e M46300 00.5 00.% M513X0 01.0 01,5

o M4 6301 01,5 02.3 M51300 02.0 03,0

! MU630e 02.0 04,0 M52100 02.0 03.0

- MU6303 02.8 04,2 M52210 01.0 01.5

v MUGL®O 03.9 05.9 M522E0 02.9 03.0

| MUGYU ] 01.0 01,5 M52200 02,0 03.0

e MUBY 2 01.5 0¢.3 M55100 01.5 02.3

» MUGL¥3 00,6 00.9 M7 1BLO 00.5 00.8

. MU6420 01.% Oc. 4 M7 1500 01.6 02.4
e
A
r
L
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:‘_ TASK 5LVL 3LVL TASK 5LVL 3LVL
) ‘ NAME TIME TIME NAME TIME TIME

o M71820 01,5 02.3 M731C0 0 02.2

o M71HOO 03.0 04,5 M731D0 02.4 04.8
- M71h10 01.0 01.5 M731D3 00.9 01.8
M71H20 02.0 03.0 NT31E0 02.8 05.6
MT1H50 03.0 04,5 M731F0 01.5 03.0
MT1H60 02,5 . 07.8 MT731G0 00.9 01.8
MT1H61 00.9 01.4 M731HO 00.5 01,0
M71L%0 00.5 00.8 - MT31H1 00.9 01.8
MTLMY 00.5 00.% M731H2 00,2 00.4
MT1L¥2 02,0 03.0 ' M731M1 01.3 02.6
MT71LCO 00,5 00.4 M731NO 00,6 01,2
M7ILDO 00.5 00.8 M731NO 00.5 01.0
M71LD1 02,0 03.0- M73100 00.5 01,0
MT1LEQ 01.5 02,3 M73200 4 00.5 01.0
M71LQO 03.5 05.3 M732A1 02.4 o4,8
M71LS0 01.0 01.5 M73280 01.0 02.0
M71LX0 01.5 02.3 M732C0 00.6 01,2
M71L00 02.8 04,2 M735%0 00.5 01.0
M71L20 02.0 03.0 M73500 01.1 02.2
MTILS0 - 00.5 00.8 MT73510 01.0 02.0
MT1L70 00.5 00.8 M73520 02.0 04,0
MTILTY 00.5 00.8 M73530 03.0 06,4
U7 IM*O 01.0 1.5 M74B%0 01.1 02,2
M7 1M"1 01.6 02.4 MT74BA0 01.0 02.0
M7 1MEO 01.0 01.5 M74BKO 01.0 02,0
M7 1ME) 01.0 01.5% MT4BCO 01.0 02.0
N M7 1MGO 00.7 01.1 M74BDO 01.0 02.0
N M7 1MHO 02.0 03.0 M74BFO 02.0 04.0
i MT 1NAO 00.9 01.4 M74BGO 01.0 02.0
e M71NOO 01.0 01.5 MT4BHO 01,0 02.0
i M71R00 01.2 01.8 M74BJO 01.0 02.0
b M71500 01.2 01.8 MT4BLO 01.0 02,0
P MT1T0C 00.8 01.2 A MT7UBMO 00.5 01.0
b MT1UGO 00.6 00.9 MTU4BNO 01.0 02.0
e MT23%0 01,0 01.5 MT4BPO 02.0 04.0
O M723% 01.8 02.7 M74BQO 01.0 02.0
L M723A0 01.0 01.5 MT74BRO 01.5 03.0
T M723A1 01.8 02.7 MT4BS0 01.0 0z.0
sl M723B0 00.5 00.8 M74BUQ 01,0 02.0
" M723B1 00.6 00.9 MT4BYVO 01.5 03.0
| M72300 01.0 01.5 MTUB00 02.4 04.8
T M72500 01.5 02.3 M74B01 01.3 02.6
L M72501 00.9 01.4 M7UC*Q 00.7 21.7
o M731%0 00.5 01.0 MT4CAQ 01,4 02.8
b M731B0 00,4 00.8 MT4CHO 00.5 01.0
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TASK 5LVL 3LVL TASK 5LVL 3LVL
NAME TIME TIME NAMZ TIME TIME
MT4CCO 01.4 03.6 M76G00 02.0 04,0
MTHDRG 00.7 01.4 M7TI" 00.5 01,0
M74D% 01.8 C3.6 M77J2A 01.2 02.4
M7U4Dw2 01.8 03,6 M77J2K 00.9 01.8
MT4DA0 00,5 01.0 M77d21 00.5 01.0
MT4DBO 01.3 02.6 M7T7X%0 01.1 02.2 ;
MT4DCO 00.4 - 00.8 M77X6D 09.5 01.0
MT4DOG 00.7 o4 - M97900 00.6 01.2 |
MT4E00 00,4 00.8 PAERO 01.5 02.3 |
MT4EOY 01,0 02,0 ' PAEKY 06.5 09.8 |
MT74300 00.5 01,0 PAUTO 02.0 03.0 |
M748%G 01.2 02.4 PCOMO 02.0 03.0
© MTHEUG 00.6 01.2 PCOROO 03.7 05.6 1
M74810 00.9 01.8 PCORO1 03.6 05.4
MT4820 01.5 03.0 PCORO2 00.4 00.6
MTU483y 01.0 02.0 PCORO3 00.5 00.8
MT4BUQ 01.0 02.0 PCOROY 01.0 01.5
M7 S5B0O 01.2 02.4 PCOROS 00.3 00.5
175BOY 00.3 00,6 PCOR06 00.8 01.2
M75b0e 00.3 00.6 PCORO7 00.1 00.2
M7569 3 00,6 01.2 PCOROY 01.4 02.1
M{ 5BOY 00,5 01.0 PCORQ9 0z.1 03.2
M75805 011 02.2 PCORY0 02.3 03.5
M75E00 02.3 04,6 PCOR11 1.0 16.5
MT5801 01.0v 03.2 PCOR12 12.0 18.0
M751C0 00.% 01.0 PCOR)3 00.2 00.3
M75103 00.8 01.6 PDEPAN 02.0 03.0
M751C2 01.3 02.6 POFULL 01.0 01.5
M751C> 01.0 02.0 PDOPO 01.0 01.5
M75100 00.8 01.6 PECMO 00.5 00.8
M7510 ) 03.4 06.8 PECS0 01.0 01.5
M75600 00.7 01.4 PEGRSO 06.0 09.0
M75800 00.9 01,8 PELECO 01.0 01.5
M75900 02.0 04,0 PELECY 03.0 04.5
M76E%) 01.1 02.2 PENG) 06,0 09.0
NTOE®L 01.3 02.6 PENG2 10.0 15.0
MT6E® , 01.0 02,0 PFUELO 01.0 01.5
M7 6EAQ 01.8 03.6 PHHPO6 33.0 49.5
N M76EBU 02.0 04,0 PHEOD ouL,V 09,0
. M76ECO 01.3 n2.6 PHPO] 6.5 24.8
;«' MT76EDU 00.9 01.8 PHYDU 02.5 03.8
0 M7 6EGO 02.% 05.0 PHYD? 06.0 09.0
: MT6F#) 01.3 02,6 PINSO 01.0 01.5
M7 6F AL 01,5 03.0 PINSI 02.0 03.0
M76500 01.3 0u.3 PUACK 01,0 01.5

T @i




- TASK SLVL 3LVL TASK SLVL L .
NAME TIME TIME NAME TIME TIMNR
PMACHO 02.5% 03.8 R11201 02.0 03.0
PMUNO 01.0 01.5 R130x 02.0 03.0 ,
PMUN | 05.0 07.5 R11300 02.0 03.0
PNDIO 01.0 01.5 R11301 06.0 09.0
PNDI 02.0 03.0 R11302 01.8 02.7
PPHOTO 00.5 00.8 R11303 06.0 09.0
PPREP 00. 00.8 R12110 02.0 03.0
PRPML 1 03.0 04.5 R1211 01.0 01.5
PRPNL3 06.0 09.0 R12112 10.0 15.0
PRPNLG 07.0 10.5 R12200 01.0 01.5
PSAFE 00.3 00.5 R12201 01.0 01.5
PSMTLO 16.0 24,0 R12310 02.0 03.0
PTOW) 00.5 00.8 R12310 04.0 06.0
PWCSO 00.5 00.8 R12311 00.5 00.8
RAAAOO 02.0 03.0 R12312 03.3 05.0
RAABOO 02.2 03.3 n12320 06.9 0.4
RAACOO 01.5 02.3 R1232% 06.0 08.0
RAAECC 04,3 06. R12330 02.8 04.2
RAC2100 03.7 05.6 R12331 02.% 03.8
RAC2BO 01,5 02.3 RY2340 01.5 02.3
RAC2CC: 01.3 02.0 R12341 02.4 03.6
RAC2C . 02.5 03.8 R1235X 08.6 2.9
RAC2E1 05.0 07.5 R12350 08.6 2.9
RAC2F( 02.2 03.3 R12360 02.5 03.8
RAC2GO 01.0 01.5 R12361 06.1 09.2
RLAUBS 02.0 03.0 R12370 02.0 03.0
RMAU12 08.0 12.0 R12371 ok.s 06.8
RMERS 06.0 09.0 R12380 01.0 01.5
RS2388 01.0 01.5 R12381 03.0 4.5
R111A0 00.5 00.8 R12382 03.0 04.5
R111A) 03.9 05.9 R12390 01.8 02.7
RY11IED 01.0 01.5 R12391 00.8 01.2
R111BY 02.8 ou.2 R1310X 04,0 06.0
R111CG 01.0 01.5 ' R13100 01.0 01.5
RI11CH 00.9 01.4 R13101 04.0 06.0
R111DO 00.7 01.1 R13102 02.8 04.2
R111F0Q 03.1 ou.7 R1321X 04.0 06.0
_ R111CH 03.0 04.5 R1321Y 06.5 08.8
« R111HO 03.0 04.5 R1321 10.0 15.0
- R1T1KO 03.1 04.7 R1322x 02.9 04.4
P R111LD 01.2 01.8 R1322Y 04.3 06.5
- R111XX 09.1 4.2 R13220 04 .0 06.0
Y R111X0 02.0 03.0 R13221 10.0 15.0
- R1IXY 02.0 03.0 R1323X 02.2 08.8
= R1119¢ 01.8 02.7 R1323Y 02.1 03.2
q
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TASK
NAML

R13230
R13231
R13232
R132uX
R1324Y
R13240
R13241
R132u2
R13250
R13260
R13290
R1329°
R1331X
R13310
R1332Y
R13320
R13321
R13330
R133W)
R13340
R1334
R134XC
R1341X
R13410
R13420
R1343X
R13430
R13431
R13440
R13500
k13501
R14100
R14101
R14102
R14103
Riu2xy
: R142Xxn
o R1420X
- R1420Y
R11200
. R1421x
4 R142 10
e Riy22X
. R14220
. R14230

5LVL
TIME

02,2
03.¢
02.5
01.6
01.2
0e.0
03.0
02.5
02,0
02.0
01.4
01.0
05.2
05.2
04.0
04.0
01.0
01.0
03.7
03.7
01.6
01.5
06.0
06.0
02.5
03.4
03.0
02.0
01.0
03.0
03.0
02,0
01.0
01,0
04.0
02.5
02.5
06.0
06.0
06.0
05.0
0%.0
.2
04,2
02.5

VL
TIME

03.3
04.5
03.8
02.4
01.8
03.0
04.5
03.8
03.0
03.0
02.1
01.5
07.8
07.8
06.0
06.0
o 5
01.5
05.6
05.6
02.4
02.3
09.0
09.0
03.8
05.1
C4.5
03.0
01.5
04.5
ou.%
04.0
02.0
02.0
08.0
05.0
05.0
12.0
12.0
12,0
10.0
10.0
08 .4
0¢.4
0%.0

TASK
NAME

R14240
R14241
R14242
R1425X
R14250
R1426X
R14260
R1428X
R14280
R14310
R1432X
R14320
R1433X
R14330
R14331
R14332
R14333
R14350
R14351
R14400
Ri4u10
Riuy2x

 RI4L2Y

Ridyg2n
R1442N
R14y22
R1443X
R1443Y
R14430
R14431
R14sUX
R1454Q
R14s541
R1455X
R14550
R14581
R14552
RI14K6N
R14610
R14A2X
RI14620
R14621
R14800
R1480
R14802

.. - e e e .

SLVL
TIME

02.8
02.%
00.6
03.1
03.1
05.9
05.9
02.5
02.5
0207
06.5
06.5
03.5
00,

03.5
01.9
03.0
02.5
06.2
01.0
00.8
03.5
02.1
03.5
03.

01.0
03.0
0309
03.0
05.0
03.%
02.4
03.5
04h.3
01.0
03.0
03.0
03.0
01.5
0205
02.%
01.7
01,

06.5
05.0

.....
.....
M Rttt a2t
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3LVl
TIME

05.6
05.0
01.2
06.2
06.2
08.9
08.9
05.0
05.0
05.4
13.0
13.0
07.0
01.6
07.0
03.8
06.0
05.0
12.4
02.0
01.6
07.0
04.2
07.0
06.0
02.0
06.0
07.8
0600
10.0
07.0
04.8
n7.0
08.6
02.0
06.0
06.0
06.0
03.0
050

05.0
03.4
03.0
13.0
10.0



TASK
NAME

R23000
R&3001
Ra23002
R4NIIC
Ry Y1 2X
RETI20
R4YI3X
R4113Y
R41130
LERRT'}
RUT140
R41150
RU1151
Ri21x
R4 210
R§1211
R41220
RU123X
R41230
R4123)
R4 130D
RU1409
R4210x
RE2100
R4210:
R42102
R42103
RU2104
RU2108
42106
R4220X%
R42201
R42200
R42300
R42301
RU2600
R42601
RU4Y100
RUY101
R44201
R&4220
RUS 10X
R4S10¢
RUS101
RY45200

SLVL
TIME

07.4
01.0
0k.0
02.0
03.2
03.2
02.0
01.8
02.0
02.7
02.7
00.5
02.0
02.0
02.0
02.4
00.6
02.0
02.0
02.8
04.2
01.8
02.4
02.0
0300
02.0
03.0
02.5
02.1
03.0
04.0
04.0
04.0
03.5
01.5
02.0
o4.0
01.5
00.6
01.5
02.2
01.5
01.5

02, 5

3LVL
TIME

4.8
62.0
08.0
03.0
04.8
04.8
03.0
02.7
03.0
04,1
oh
00.8
03.0
03.0
03.0
04.1
00.9
03.0
03.0
04.2
06.3
02.7
03.6

03-

(o N =]
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TASK
NAME

R4520
R46110
R46120
R46130
RUG14A
RU614O
R46150
R4616A
RU6160
R4G19A
R46199
RU62%0
R46210
R46220
RU623R
R46230
R46300
R46302
RUGY*Q
RUGY™y
RUGY®2
RU6420
R4642Y
Ru7100
R47101
R47200
RUT201
RU49100
RS11%g
RS11aB
R5114D
RS1144
RS11AL
R511CA
RS12%0
R512a4
RS512aB
RS12CL
R513%Q
RS513B0
RS13E0
R513F0
R513H0
R513X0
R52100

Sonlee &

SLvL
TIME

m.o
04,2
09.2
05.5
02.0
03.5
06.2
01.6
07.9
03.0
03.0
02.0
02.5
09.0
01,7
02.0
03.5
01.8
01,1
01.4
0k.0
01.8
03.0
00.%
00.9
01.4
00.9
02.0
01.r
01.3
01.3
01.3
01.5
01. 5
03.

00.9
01.0
01.0
01.3
01.5
01.0
03.0
01.9
01.5
01.0




o

TASN
NAME

R522%0
R522p0
R522E0Q
R723%0
R72340
R723A1
R723B0
R723M\
R72500
R731%0
R731BO
R731C0
R731DC
R731EN0
R731G1
R7411%0
RT4BAQ
RT4BBC
RTUBMC,
RT4BNO
RT4CHC
RT4CAU
RTUCHO
KT4CCO
RT4D®*D
R74D®!

RT4DAO

RTU4DRG
RT4DCO
RTUENQ
RTUED!
R74300
RT48%Q
R74810
R74820
RTU83C
RTUBHUG
R75E00
RTSEOQ\
R751C0O
R7510C
R75600
R75600
R75800
R75900

SLVL
TIME

0.0
01.0
01.0
01.5
01.2
9.2
00.9
01.2
02.0
01.7
0.0
01.5
01.3
01.0
01.2
01.2
02.0
02.0
00.8
03.0
00.6
0.9
01.9
01.4
0.4
01.0
00.5
01.8
0.4
01.8
02.6
01.0
01.0
01.3
Q1.4
02.0
03.0
04.8

06.0 -

01.0
01.4
ot.4
01.0
01.0
02.0

3LVL
TIiME

01.5

o
n
ONCDOOOO\O

TASK
NAME

R768%1
R76E®2
R76E*;
R76EAQ
R76ERO
R76ECO
R76EDN
R76F%0
R76FAQ
R76G00
R77J%0
R7732k
RTTK2A
RT7%%0
RT7X6D
R91200
193200
R97900
V111A0
V23000
V75600
V76G00
Y2AMTY
Y2AM7S
Y23M03
Y23M04
Y23M05
Y23R00
Y23R01
Y23R02
YUAM90
YUAM9

YUAMG2

YUaAM93
YUAMOY
YUAM9S
Y4AM96
YUAMST
Y4AM98
YHAM99

2 S B B B D S Do B B o B A VA B . & A a_'a_-

SLVL
TIME

01.3
01.6
01.5
03.0
03.0
02.0
03.0
01.5
2.1
01.5
01.5
01.4
01.7
01.8
00.7
01.3
01.3
00.7
00.3
08.0
00.6
00.5
00.2
00.5
01.3
01.2
03.§
12.0
36.0
02.9
00.1
00.4
00.6
00.8
00.1
01.3
01.0
00.1
00.2
00.3

153

3LVL
TR

02.6
03.2
03.0
06.0
06.0
08,0
06.0
03.0
04,2
03.0
02.3
02.1
0206
02.7
011
02.0
02.0
01.1
00.6
16.0
0v.2
01.0
00.3
00.8
07.0
02.8
05.9
18.0
40.0
04.5
00.2
00.6
00.9
01.2
00.2
02.0
01 -5
00.2
00.3
00.5




APPENDIX D

Pilot Opinions
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.

Opinion Survey of Aircraft Pilots

Pertaining to Maintenance Skill Level Changes

There is some consideration being given to reducing

C———— huliid L .
e R
7

]

s - e N
“ta
PR I R 4

the average aircraft maintenance skill levels at opera-
‘tional units from the current average 5 level to the mini- !
mum possible to perform the tasks required in both scheduled
and unscheduled maintenance.

In an attempt to analyze the impact this skill level

change may have upon mission accomplishment, I am interested

in your opinion as a pilot who will be flying the affected
aircraft as to what impact this skill level change will
produce. Therefore I have developed the attached question- l

aire to aid in expressing your opinion. Please feel free
to add any comments you may have pertaining to the subject.

You need not identify yourself unless you wish. The

i
v
E
.
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b
b

information gained will be used only for the purpose !
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stated. Please return the completed survey to Captain !

Larry Howell, ASD/YYEE. !
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1. Would a reduction in military aircraft maintenance skill
level affect your decision to stay in service and fly mili-

tary aircraft? If so, how?

2. Would you anticipate more sortie aborts or cancellations
due to the skill level reduction? 1If so, can you estimate
the percent abort increase and identify what aircraft type
might be most offactad?

3. Would you anticipate an increase in the number of

quality control reworks if the proposed skill level reduction
should become reality? If so, how much?

4. Do ydu believe there would be an increase in the number
of aircraft accidents due to such a skill level change?

If so, how much?

5. The proposed skill level reduction may result from

shorter enlistments or a rapid increase in military man-

power build up. If you see this skill level decrease as

hazardous or detrimental, can you suggest an alternative
plan or a method to obtain and maintain the required
skilled personnel?

6. What other comments do you have pertaining to main-

tenance s8kill levels?
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157
RESULTS OF OPINION SURVEY AS OF 11 MAY 1979

1. Would a reduction in military aircraft maintenance
skill level affect your decision to stay in service and fly
milltary aircraft? 1If so, how?

No =~ 17

Yes - 2, maintenénce is not good enough now
2. Would you anticipate more sortie aborts or cancellations
due- to the skill level reduction?

No - 2

Yes - 17

If so, can you estimate the percent abort increase and

identify what aircraft type might be most effected?

50% - 12 Fighting - 17 Some named - 2
25% - 3 : Bombing - 8

208 - 1 - Cargo - 2

5% - 1 |

3. Would you anticipate an increase in the number of
quality control reworks if the proposed skill level

reduction should become reality? If mso, how much?

LIRS T S AP AP o o o LN,
r A L N T Ceta e T s

No - 0 108 - 1
v Yes - 19 25% ~ 5
- 508 - 10
3
‘ ~ N 5008 - 1
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4. Do ycu'beiieve there would be an increase in

158
the number

of aircraft accidents due to such a skill. level change?

If so, how .much?
No - 1§ ‘ 508 - 1
Yes - 4 » 100% ~ 1

5. The proposed skill level reduction may result

from

shortened enlistments or a rapid increase in military man-

power build up. If you see this skill level decrease as

hazardous or detrimental, can you suggest an alternative

plan or a méthod to obtain and maintain the required

skilled personnel?

E? No -~ 6
. g More pay-for enlisted - 1
Proficiency'pay - 10
Commitments for training - 1
6. What othér comments do you have pertaining to
;Q tenance skill levels?
Ei Hire civilian maintenance
%; Contract maintenance
- Design simple aircraft
=
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